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FOREWORD 



To implement an educational approach successfully, one must match thei philosd-^ 
phy of evaluation with that of, instruction. Thi^is particularly true when individual- 
ization is the key element in the educational approach. Yet, as important as it is to 
achieve this match, the task is by no means simple for the teacher. In fact, without, 
specific resource materials to help him, he is apt to find the task overwhelming. For 
this reason, ISCS has developed a set of individualized evaluation materials as part of 
its Individualized Teacher Preparation (ITP) program. These materials are designed 
to assist teachers in their transition to individualized instruction and to help them 
tailor their assessment of students', progress to the needs of all their students* . 

The two modules concerned with evaluation. Individualizing Objective Testing and 
Evaluating and Reporting Progress^ can be used by sniall groups of teachers in in- 
service settings or by individual teachers in a local schbol environment. Hopefully, 
they will do more than give each teacher an overview of individualized evaluation. 
These ITP modules suggest key strategies for achieving both subjective and objective 
evaluation of each student's progress. And to make it easier for teachers to put Such 
strategies into practice, ISCS has produced the associated booklets entitled Perform- 
ance Objectives, Performance Assessment Resources, and Performance Checks. Using 
these materials, the teacher can objectively assess the student's mastery of the proc- 
esses, skills, and subject matter of the ISCS program. And t)ie teacher can obtain, 
at the moment when they are needed, specific suggestions for remedying the stu- 
dent's identified deficiencies. 

n you are an ISCS teacher, selective use of these materials will guide you in devel- 
oping an individualized evaluatipn program best suited to your own settings and thus 
further enhance the individualized character of your ISCS program. 

The Co-Directors 
, . . , Intermediate Science Curriculum Study 

Rm 41 5, W.H, Johnston Building . 
415 North Monroe Street 
Tallahakee, Florida 32301 



THE ISCS INDIVIDUALIZED TESTllMG SYSTEM 

. The ISCS individualized testing system for each level of ISCS is composed of four 
major subdivisions: ^ 

1. The ITP modules Evaluating and Reporting Progress md' Individualizing 

Objective Testing, 

2.. Performance Objectives, 

3. Performance Checks in three alternate forms, and 

4. Performance Assessment Resources. 

Evaluating and Reporting Progress presents a comprehensive overview, with many 
refinements, for individualizing the grading and reporting of students' progress, based 
on both subjective and objective criteria. The module Individualizing Objective 
Testing describes more specificJilly th<3ijie ISCS evaluation materials which have ob- 
jective criteria -j^the performance objectives, checks, and resources - and it presents 
practical suggestions for their use. These two modules should be considered pre- 
requisite to successful use of the other ISCS evaluation materials. 

Each of the Performance Objectives booklets contains a composite list of selected 
measurable objectives considered important to a given level of the ISCS program. 
However, many of the long-range goals and aims that are at the heart oT the ISCS 
program do not lend themselves to being expressed as measurable performance ob- 
jectives. Thus, these booklets should not be construed as being all-inclusive anthol- 
ogies of all the possible learning outcomes of ISCS, 

Each of three Performance Checks booklets contains an equivalerk but alternative 
set of performance checks which were developed to assess the students' achievement 
of the objectives stated in the Performance Objectives booklets. 

The Performance Assessment Resources l^oklet i^ a teacher's handbook to be used 
in identifying the appropriate performance checks with which to evaluate each stu- 
dent. The booklet also indicates how to set up testing situations, cofrect responses, 
and give remedial help. 



; 



NOTES TO THE TEACHER 



An fl^^erview of evaluation , including both objective and subjective criteria, is given 
in the module Evaluating and Reporting Progress. Many aspects of this booklet are 
describedin more detail in Chapter 3 of tht module Individualizing Objective Testing. 
Thescvnotes are meant to augment, not replace, (Chapter 3 of that module-. As you, 
use this booklet, you will begin to see v^ays to modify its suggestions to meet your 
needs better. You are encouraged to enter your modifications at the points where 
they apply. Only by altering these materials will you evolve an evaluatidn system 
best suited to your own classroom environment. It isjimportant to remember that 
only principles involved in^ objective criterion-referenced evaluation are applied in 
this booklet. Therefpi:e, you will obviously want to incorporate subjective criteria 
also. 

■ 

Units and Chapters 

There are at least two Performance Assessment Resources booklets for each level 
of ISCS. These booklets are divided into units, thus breaking up a single level of the 
ISCS program into easily handled sections of correlative chapters. The relationship 
between the units and the chapters ofJProbing the Natural World are shown in Tablfe 1 . 



LEVEL I 



V * r. 



UNIT 



1 

2 
3 
4 
5 
6' 
•7 
8. 
9 
10 



CHAPTERS 



1 and 2 
3 and 4 
5 thru 7 
8 and 9 
10 and 11 
1 2'and 1 3 
14 and 15 
16 and 17 
18 and 19 
20 and 21 



EXCURSIONS 



Table 1 



1 thru 3 
4 thru 8 
9 thru 14 
15 thru 19 
20 thru 22 
23 thru 2'^ 
29 thru 33 
34 thru 39 
40 thru 44 
45 thru 48 



As you can see from Table 1 , most units include the objectives and performance 
checks for two chapters and their related excursions. The individual objectives and 
performapce^ checks for each unit are to be selected and used when the student has 
completed the* entire unit. This delay shoujd ensure that there is no premature 
assessment of the student's achievement of concepts and skills which may be intro- 
duced early in a unit, but |/hich require development throughout the unit. Thus, 
subdividing units for assessment purposes should be' done with great care. Keep this, 
in mind if you decide to spot check students as they proceed through^ units, rather 
than conducting a formal evaluation at the end of the unit., 



Summary Table ' 

Each unit begins with a double-spread "Performance Check Summary Table," The 
left-hand page of the "Sunjmary Table" serves as a table of conlents for the unit. It* 
provides ag'reat deal of information about the objectives pertinent to the unit. Usual- 
ly about twenty-five objectives for each unit are introduced for the first time in each 
"Summary Table." A maximum of ten relevant objectives from previous units are 
reintroduced. - 

On the left-hand side of the "Summary Table" is a list of code numbers, each of 
which is unique to. one objective: within the tevel. Two examples of code numbers 
and their meanings are illustrated in Figure 1 below, 
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Figure 1 

The core objectives first appear in an order that corresponds roughly to the text 
development. Exc&ptions to this ordering were made to place objectives based oh.N 
related processes or content together. Objectives based on remedial excursions are, 
numbered as core objectives because they involve skills essential to success in core 
activities. Next are listed the general or enrichment excursion objectives, and these 
are, followed by objectives from prior units which. are again considered important to 
the students' progress. These repeated objectives are eajsily spotted, as a capital R 
(for Repfva^^l) appears after thefr identifying code number, giving a listing such as 
03-Core-i4R' The specific resource aids to be used with repeated objectives are 
given in the units designated by the code number (unit f in the just-cited example),' 
and the information is not repeated each time within the tejjtual material that follows 
the "Summary Table." * 

Each objective code number is followed by a shbrt descriptive stateinent of that 
objective. These .short statements were written, using the students' vocabulary. Tfiey 
should be helpful in communicating the objectives to the students should you desire 
to do so. Ways to involve your students in selecting the objectives are discussed in 
the module Individualizing Objective Testing. ^ 

The right side of the "Summary Table" is made up of eleven columns. Letters are 
used in the first five to designate the characteristics of the performance check. The 
.letters and their meanings are as follows: , 



i • 

M - Completing the check requires regular ISCS materialSt - 

0 - An observer should view tl;e studenVs performance as he does the check. 

P - .Completing^ the check requir)^ the use of speciaUy prepare^ materials. 

0 - The answer to the check is of tne .<juick-scoring variety. 

T^ The check will require more tjian three miAutes of the student's time. 

Check marks in the next four columns help the teacher assign appropriate perform- 
ance checks to individual students. The first of these columns is entitled "BasaJ-" 
Achieving the objectives checked, in this column is considered essential to most stu- 
dents' success with the total unit. These performance checks may be assigned to any 
student; however, better students will find that many of these offer little or no 
challenge. * . 

Check marks in the columns headed **Math/' "Reading/' and **Coa«ef^" indicate 
performance checks which require a higher leyel of computational skills, a higher 
'reading level, or a greater abihty to think abstractly than the performance checks for 
most other objectives. Performance checks which -have no tnarks in any of these 
four columns are considered to be more than basal, but the skills which they require 
are within the capability of most students. 

' . ' ' * ■ 

A tenth column liSts the action verb that Identifies the theoretical mental process 
required of Jhe student to complete the performance check for the objective. A 
precise definition of each of the verbs used fo designate mental processes is given in 
the^^^iocjule Individualizing Objective Testing, 

Finally, -in the eleventh column, space is provided for notes. Although you will 
'find an occasional comment printed here, this space is mainly foY your notes. It's a 
good place to put an^ special instructions or preparations you have found helpful. 

As mentioned 'earlier, •some objecti^s are repeated objectives - ones that have 
appeared in previous units. When such an objective is listed again in the **Summary 
Table," its* classification as basal or as presenting math, re'ading, or conceptual dif- 
ficulties is likely to be different. This change most often derives from a change in 
purpose. The tirst fime a concept or skill is introduced, the intent may be only to 
'introduce students to it. When reintroduced in a later unit, the skill or concept is 
frequently developed and used extensively. Thus, in the "Summary Table" for tfie 
earlier unit, objecfives related to a concept are Ukely to be classified as conceptually 
difficult for many students, whereas in the later units, the same objective might be 
reclassified as- basal. 

Org^ization of Resources 



Immediately following each '^Summary Table" comes the bulk of the resource 
material for each objecUve introduced in that unit. Once morq^ each objective is 
identified by its code number, but this time it appears in bold, black print in the 
outer margin directly beside the applicable resource. A pair of horizontal lines 
separates the resources for each objective from those for the previous and following 
objectives. When no horizontal line appears at the bottom of a page, the objecUve is 
continued on the next page. . . 



The list immediately following delineates the functions of the various compoherit 
resources provided for the objectives. Two of the component? '(Regular Supplies, 
Special Preparations) only appear when they are needed for a particular item. Many 
of the performance checks, for example, do not require any supplies, so supply 
headings are omitted, ©hserve the functional descriptions carefully - they are the 
keys to the types of resource riiaterials provided in the Performance Asse^ment 
Resources hookht. 



COMPONENTS 
Descriptive Statement 



Objective 



Regular Supplies 



yociftji Preparations 



Student Action 



Pertormance Check A 



FUNCTION - 

This statement duplicates the one that appears in the 
*'Summary Table.'' If you misread a code number and 
find yourself looking at material for thS wrong objective, 
this shQuld stop you and send you back to the Tabl# to 
check. More important, it should briefly indicate to,you 
the basic purpose of the objective: ' 

The underlined verb in this statement of the objective 
indicates the theoretical mental process.that the student 
will perform. The phrase following it indicates the content 
• or process skill which the student must perform. A com- 
plete description of the verbs and their^lrieanings can be 
found in the ITP module Individualizing Objective Testing. 

Tliis section, lists any ISCS equipment that the student will 
need - regular equipment that is j^eing used in the unit * 
on whioh the student is being evaluated or in previous 
units. 

Don't overlook this section. It lists and describes materials 
tlie teacher must collect or prepare in some way. Included 
are special solutions, special packaging, and labels required 
for materials for evaluation purposes. The secttori also 
specifies parficular grids that the students will need for 
graphing. 

This is a general description of what the student should do 
hi responding to any of the three performance checks based 
on the objective. If his expected response is to state a gen- 
eral principle, it js listed irX this section. If the three per- 
formance checks require specific answers, they are pro- 
vided below the general statement in the student action. 

Performance Check A is fully stated to allow for a quick 
review of the statement of the tasks as they are presented 
to the student. Performance Checks B and C generally 
present slightly different situations or v/ording but ask 
. students to perform equivalent tasks. 



Remediation ^ This final section outlines suggested action that pan' be 

- # . . taken if the ^Student fails to achieve the objective. In some 

■ . ^ * of the remediations, the listed steps are sequential; in 

^ ./ others the steps represent options from which it is sug- 

■ * gested that you select one or two. Some remediations 

' . suggest referring thft student to review sections of the core, 
^ *' - doling an excursion, or reviewing a self-evaluation question 

.4 \ . / ^ and its responsQ. / - 

, ♦ - , ■ ' ■ <' 

How to Find It * ' , • . 

* ■ / 

Locating a particular objective whose niwiber , you know is easy. Just thumb 

through the pages watching for the unit number which appears in Jbrge black print 

• . • above the word core or ^cumon in the margins. But suppose y&u wish to locate 

an objective pertinent a given section or chapter bf the te)|;t and you don't'know 

the number. Here is «n)rocedure lo follow: ' • ' 

' 1; Ueterrtiiife the unit in which the chapter occurs, using Table i. 

2. Thumb through this booklet until you find that unit number as the 
beginning digits of any code number appearing in lairge black print in the 
outer margin. 

3. Look for the "Summary Table" at the beginning ol* that unit. 

XjL- ,4. Use the "Summary" Table" to determine the number of the objective 

» you seek. < / 

"* • . ■ . ■ i . 

' Be Selective • 



, The resource books for each level contain many more objectives and resources 
than any one teacher can use. If you add objectives and resources, and you pi'obably 
will, your list will expantl further. Ih^ most successful user of thjs catalog will be. 
the teacher who picks and chooses selectively to meet the specific needs of his stu- 
dents. Therefore, once you arc familiar with this book, it is imperative that you 
establish a systt^m of selecting jind assigning checks to the student. Suggestions on 
how to establish suc^i a system are given in Chapter 3 of the module Individualizing 
Objective Testing. ' . ^ 

X Wha-tever selection and assignment system yoii develop, it must give due regard to 
individual student's differences., For example, if you administer too riiany recall' 
performance checks to a high-abiUty student, he will not only be bored but you" wi# 
also fail to assess his progress adequately. Too many difficult items adininistered to 
a low-ability student leads to frustration and reinforcement of the "I kriew I couldn't 
do it" attitude. the other hand, even the best students need their egos inflated 
by some questions that they can answer easily. And, the less able student needs to ' 
be appropriately challenged. Be careful, too, of placing too much emphasis on ob- 
jectives. This may lead students to place u;idue emphasis on tests, thus slowing 
thejr progress to the extent tha<l they lose interest in the story line,. 



ERIC , ^ 



Assigning Performance Checks 

How many iJ^rTormance checks should be assigned to a student? This question has 
no fixed answer. The primary concern is that performance checks provide the needed 
feedback to both you ^nd the student; If, in your judgment, evaluating a student (!fh 
a particular unit is unnecessary, then don't do it. If you* feel a student needs to be 

. evaluated, then assign an appropriate selection of performance checks. Individualizing 
Objective Testing makes suggestions about how to do this. In no case should any 
student be assigned all the performance checks or even a random sampling of them. 

^Swch a practice would subject the student to tasks. which would be either unduly 
difficult and time-consuming or perhaps too simple for him and therefore meaning- 
less, time-wasting ^activities. • ♦ ' ' ' 

You may wish'to specify the equivalent form (A, B, or^vG) of performance checks 
that the student should do when assigning the specific performance check numbers. 
There is, of course, no difference in their difficulty level. Ip any cise, have the stu- 
dent record both the number and the letter of the specific performance check he 
does. 'Hiese numbers and letters should appear on his answer sheet, as they will be 
needed to check his response. Since the numbers are unique within each ISCS level, 
there is no weed to use a student's time copying the performance checks. Listing 
th» number with the response is sufficient, It's a good idea to remind students 
frequently that their answers ,must jo on separate -paper -'not in the Performance 
Om Ls bopks. ■ . 




Asydu^ssigrt checks, keep the supply situation in mind. You won't want too muoh 
of some equipment tied up in Special Prpparafions at any one time. To avoid this, 
keep abreast of the range of your students' progress and prepare only those materials 
you anticipate needing, referring to the P's appearing in the third uolumn on the 

■ right-hand page of the "Summary T5ble." ) Batteries, of course, will need replacement 
or recharging occasionally, and specially boxed supplies should be checked periodi- 
cally for missing or nonfunetioning parts. _x 

At the back of Part 2 of the Performance Assessment Resources, you will find grids 
identical to those the students must use in certain performance checks. The grids at 

■ the Dack are suitable for reproduction. You ma.y make copies directly, using one of 
the well-known commercial copiers. For large quantities at low cost, make a nfaster 
by the thermo process and use it to wake duplicates. If you make copies in either of 
these ways, your studentsViH not be wasting time drawing grids, and you will feel 
free to assign objectives that need grids. 
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Chapters 12 and 13 

» 

;£xcursions 23 thru 27 



Parformance Check 
.Sumlnary Tabl6 



Objective Number 



06-Core-1 



Objective Description 



•"Remembersfwher) current will flow in a circuit 



06-Core-2 



* Names tile ^ubstahce which causes the blue color in a solution 
: • ^ 1 ^ 



06 Core-3 



Labels theg^ddish-brown sofid on a carbpn rod,, 



06-Core-4 



Selects the energy conversion within a chargir\g battery 

— : : ^ . ' — s^.i.. 



06rCore-5 



Names the forj|^of energy^^fiared in a battery 



06-Core-6 



Describes the reaction wi a battery during char^g antf disc^rgmg 



06-Core-7 



Indicates what makes an electrical circuit/complete 



" — —r- 

Constructs a series circiijt 



06-Core-3 



06-Core-9 



Diagrams a series circuit 



06-CorelO 



Uses the effect of one appliance on another to classify, the connection as series or parallel 



06-Core 11 



Diagranis a parallel circuit 



06-Core-12 



/ Constructs a parallel jpircu it 



06-Core'13 ^ 



Recognize? the effect of adding a resistor tp a series circuit 



06-Cofe-14 ^ 



Indicates a way to reduce current flowing in a series circuit 



OB-Core-IB 



Labels circuit diagranns as series or parallel 



06-Coy^e-16 



Gives the cause for temperature change iq a current-carrying resistor 



flfi-Cqre-l? ' , 



fiecogiTi2es the effect of a magnet oh'a cuf-i^nt-carrying wire 



10 



0. 

IB 



O* 



111 



3 
C 



CO 



z 



1 



I 



o 
z 



i 



applies 



Q 



recalls 



P* I Q 



identifies 



Q 



recalls 



Q 
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recalls 
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applies 



Q 



applies 
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classifies 



applies 



M 



0 



applies 
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applies 



applies 



Q 



V.I 



classifies 



applies 



applies 
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Objective Number 


Objective Description 


06-Core 18 


F^ecognizes the effect on thastrengtg of an electromagnet of changing the number of loop 




of wire , - , 


06-Core-19 


Selects characteristics of energy 


06-Exc 23-1 


' — ' ' ' \ ^ — 

Selects variables which affect the electrical output of a battery ^ 


. 06-Exc 24-1 


Recognizes evidence of chemical changes in which energy is released 


06-Exc 25-1 


Recognizes errors in measurement 

— — ^ — ^ 


06-Exc 25 2 


[Jriiws a best-fit line between points on a grid / 


06-Exc 26-1 


Selects a characteristic of parallel cr^uits 

— ^ — - .'i ^ ^. . ^ = : 


06-Exc 27-1 


Indicates the directioh'compass needles point when electricity passes through a nearby win 


) 

01 -Core 8 R 


Selects simple electrical systems from among nonsystems 


01 -Core- 14 thru l/R 

i , 


(Arithmetic skills) \ ^ 


01 -Core- 18 thru 22R 


(Student's responsibilities) 

' ' ^ : ^ ^ 


02-Core-13R 


Explains magnetic attraction in terms of force 


02-Cor'6-'16R 


Remembers the questiqj^hat operational defialtions answer 

— — — ^ — — " r'. , ^ 


OB-Core-MR 


Relates friction to temperature change y 

i ■ ■ • ■ / _ 


05-Core*16R 


rr. ^ — ^-T-^ — ^ ^ 

Selects relative amounts of potential artd kinetic energy 


• 06-Core-22R • 


Recognizes the characteristics of ertdrgV ^ ; . 




, . ^ : ^ 1 . ■■ ^ ^- , : ^ ^ ■■ r 
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Remembers when current flow in a circuit. ^ 

The student appHes the rule that current will not flow in an incomplete circuit. 

t Action: Responding to the effect that the component will nit be activated^ 
: the circuit is not*coniplete. • • / 



Student 

Ixjcause 



Performikce Check A: Assume that the equipment shown in the diagram below is 
all in good working order. 

1. Will the bulb light? ' " ' ^ 

2. Why do you believe the bulb will or will not light? 



Switch 




nn 



Battery 




Bulb 



Remediation: (I) Suggest 'that the student review Chapter I in which the battery 
^was involved in several different systems. Discuss the battery-motof-sinker system 
and the battery-bulb system. I^s the'pathway continuous in these systems? What 
would happen if a test lead were disconnected? Try it! (2) Reler the student to 
Self-Hvakuition Check 13-1 on page 1 51'. , 



Names the substance which causes the blue coi^jr in a solution. 

The student recalls that the blue 'solution he used in connection with Chapter 12 
contained copfier. v , 

't . . ■ 

Special Preparation: Prepare a bottle of copper sulfate solution labeled 06<'orc-2. 

StU|;)ent Action: SelcctUig "copper." 

A: b .'. ■ • 




Performance Check A: Get the bottle of blue solution labeled 06-Core-2. This is the 
^me-as the solution you used in Chapter 12. Which material in these solutions was 
responsible for the reddisH-brown coating on the carbon rod? 
a. Water 

b*. Copper • • 

fc. Sulfate 

d. Oxygen . . 

■ Remediation: (1) Discuss the copper plating experiment with the student. • What 
happened to the carb9n rod when it was pkced in the blue liquid and electricity was 
%llowed .to now .through the circuit? What was the subs^tance which was coated on 
the rod? Where did this substance come from? Check his response-to question 
12-15. (2) Suggest that the student. read pages 145 and 146 if additional review is 
necessary. . . . 
• J: ■ / 



• 



Labels the reddish-brown solid on a carbon rod. 

The student identifies coppej- as the reddish-brown solid on a carbon rod which was 
^coa*ted in tlf^ blue solution during the activities in Chapter 1 2. 

Special Preparation: Put a copper-coated .carbon rod in a box labeled 06-Core-3. 
Student Action: Naming copper. 

Performance Check A: The carbon rod in box 06-Core-3 was coated* with a sub- 
stance during the activities done in Chap.ter 12. Nai^ie the material that coats the 
carbon rod. 

Remediation: (I)' See the Remediation for 06-€ore-2. (2) You may also wish to 
refer the student to Self-Evaluation Check 12-4, page 1 50. 



06 




Selects the energy conversion witliin a charging battery. 

The student . recalls that electrical energy is changed into chemical energy when a 
battery is charged. 

Student Action: Selecting the> .statement "Electrical energy is changed into chemical 
energy. 

A: d ' 
- B: a 

"• , •. C: b 

Performance Check A: A car battery is properly connected to an electric battery' 
■ . charger. Choose the letter of the sentence below w4\i eh describes the energy con-, 
version that takes place withiij the battery during charging. , , . ■ 

a. Electficjil energy i's'changed into kinetic energy. . ( , 

b. Chemical energy is changed into electrical energy. ' 
. c. Light energy is changed into heat energy. 
. d. Electrical ehcrgy'is changed.into chemical energy. 

erIc ■ ' ; / i>s / : 



3 




Remediation: (1) Refer the student to Activity 12-13 in which he examined the 
lead strips of his charged battery. Ask him to deafribe the appearance of the lead in 
question 12-23. How were 'the strips different after charging from when he made 
the battery? What form of energy is stored in the strips? Where does his battery 
get its input energy? Therefore, what form of energy was put into it?- (2lHave the 
^ student read page 150 for a good summary of energy conversion in *a battery.. 
(3) Refer him to Self-Evaluation. Checks'l 2-1 and 12-2. 
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Names the form of energy stored in a battery, ^ 

The student recalls that energy is stored in a battery as chlbniical ener^, . 
* * / ■■ 

Student Action: Stating that the form of energy is chemJp^L 

Performance Check A: * In what form is energy stored in a battery? 

Remediation: See the Remediation for 06-Core-4. 
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Describes the reaction within a battery during charging and discharging. 

The student applies the concepts that charging a battery means storing energy in it 
by converting one substance into another and that during discharging^ the reaction 
is reversed, releasing electrical energy. . | 

I 

Student Action: Responding to the effect that charging a battery stcpres electrical 
energy in it .and discharging reverses the reaction and releases electrical energy. 

' ' ! ' 

Performance Check A:./ 

1. What happens inside a rechargeable automobile battery when it is being 
charged? 

2. When it discharges to the automobile, what happens inside the buttery? 

Remediation: (I) Refer the student to Activity I 2-1 3 on page 149. What happened 
to the lead sheets inside your battery when it was charged? What do you think hap- 
pens to this coating when your battery , becomes discharged? (2) Have the student 
read page I 50, which describes energy conveniion in a battery. (3) Refer him to 
Self-Evaluation Check 12-1 and J 2-5. 

_ — " ' ' ' •]■■■■' . . ^ ■ ^ ■ . ■ 

Indicates what makes an electrical circui^ complete. ^. ~ \ 

The student recalls that a complete electrical circuit is one which has a a unbroken 
conductive pafh through which electrical current may travel. 

Student Action: Responding to the effect that he must make an wnbroken conduo-" 
tive path; ' 



Performance Check A: Luis has a battery, 2 bulbs, and 3 tp\t leads, \yhat must he 
do to, make a complete electrical circuit? You may use -ajaiagram as part of your 
answer. , 

Remediation: (1) Discuss Activity 1,3-1, page 154, with the student. In each ar- 
Vangement you made with the given objects, how did you make the circuit com- 
plete? (How did you have to connect the objects so that electricity would flow?) 
(2) Check his response to question 13-1. Would -electricity flow in a single wire 

• which is not connected in a continuous patjhway? 

. • . " ; i 

» Constructs a series circuit. ! , * 

\ 

.The student applies the rule for constructing a series circuit in such a way that when 
any one of the bulbs is removed from the sQcket, the other bulbs go out. 

j 

Regular Supplies: 1 charged ''D'' size Ijattery 

2 No. 222 bulbs and sockets . 

3 test leads 

Student Action; Connecting the two bulbs in a series circuit. 

Teacher's Note: If properly "connected, the two bulbs should glow dimly. You i^ay 
test the circuit by^ removing one bulb ; the other should then go out. 

■J . 

' Performance Check A: Go get 1 charged -flashlight battery, 2 bulbs and sockets, and 
3 test loads. Using these materials, connect the two bulbs in a series circuit. Show 
your teacher what you have done. 

Remediation: ( 1 ) Check the student's drawing of Figure 1 3-2 in hi^ Student Record 
Book. ..If this drawing is correct', simply have him review the series circuit discussion 
on page 1 55. (2) If the drawing is incorrect, suggest that he do Excursion 26, which 
provides remediation on series and parallel circuits. 
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Diagrams a series cifcuit. 



06 




The student applies the rule that a series circuit is wired so that electricity follows a 
pi^th frpm one battery terminal through the switch and each of the appliances in suc- 
cession, terminating at the other battery termitial. • 

r Student Action: Diagram'iog a series circuit Which contains a battery and tht; other • 
Clements. No one tenninaj of any corii|X)nent Should show "inore than one connec- ^1 

tion. ^ 

' Perforrnance Check A: iriagrani' a circuit that shows a switch, a battery, a motor, ' j 
and two light biilbs connected in series. - * . 



ERIC ' ' ;. , 



I 
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Remediation: (1) Ask the student what a series circuit is. Refer him to page 155 
and Figure 13-2., If he needs additional review of. series circuits, suggest that he do 
Excursion 26. (2) Also refer the student to Self-Evaluation Check 13-2. (3) When 
you are sure that he has a clear understanding of a series clfcurt, ask him how he 
must connect the objects In the check he was given. Have him show you his diagram. 

Uses the effect of one appliance on another to .classify the connection as series Or 
parallel. ^ . ^ , ' '\ 

The studen^ . classifies the wiring (circuitry) as series when one device's ceasing to 
operate causes a second device to stop operating and as parallel when'one device'? 
ceasing to operate does not stop the sccontl device. 

Student Action: Naming the correct circuit type. 
A: 



1 . series, 2. paralleJ, 3. series 
K parallel, 2. series/3v)SP^ies 
I . serFes, 2. parallel, 3. parallel 



Performance Check A: For each of the following slatemcnts, tell whether the elec- 
trical devices mentioned are v^red \n parallel or in mies with each other Write 
scries ox parallel bn your answer sheet next to. the number for each statement. 

1. Suppose a fuse (circuit breaker) in a house is removed and that causes the 
television set in the living room to go off. How arc the fuse (circuit breaker) 
and the television wired? 

2. A toaster and a light are both plugged into the receptacles of a wall out- 
let. The toast pop3 up, and the toaster shuts off. But the light remains on. 
How are the toastctand the light wired? i 

3. Suppose you wish to roast meat in an electricWn. You set the electric 
timer on your oven for two hours. At the end of two hours, the timer rings 
and shuts off. The oven also shuts off. How are tlie timer arid the oven 
wired? 



Remediationr (| ) Question the student to determine his understanding of series and 
parallel cirt^its^y If he cannot , define the tvvo terms, have him do, or review^ Excur- 
sion 26. (2).rt^e student needs only a brief reviejv of series and parallel circuits, 
suggest that he read pages 429 and 430. If time permits, have him set up the two 
circuits with two bulbs in each and show you the effect of unscrewing a bulb in each 
circuit. Have him respond to questions 26-12 and 26-13 on page 430? (3) Reasscst;, 
using an alternate check. ' ' *5 , ■ > 



Diagrams a parallel circuit. 

The student ^ppUe's the rule that a parallel circuit is wired so that the electricity 
flows from pnc terminal of the l?attery through each of the appliances directly and. 
from the opposite terminii>oreacli of the appliances back to the other battery ter- 




minal. 




2i 



Student ActiQn: Diagraming a parallel cirtuit containing a battery and the other T T 

elements given. One terminal of ea<;h comg^ent should be connected to 'one bat- 11 

lery germinal and the other battery tefnTlnSconnectei to each of the other compo- II 
nent terminals. » 

Perfornwince Ch^ck A: Diagram a circuit containing a baftery, a motor, and two 
bulbs wired in parallel. :^ 



Remediation: (1) Check Figure 13-3 in iheStudent Record Book. If he has no idea 
what a parallel circuit is, Suggest that he do the latter half of Excursion 26. (2) If • * 

the student needs only a brief review, refer him to Diagram 13-3, page 155, of the 
related discussion. Self-Ev?luation Cjieck 13-7 will also be helpful, p) Reassess, usr 
ing an alternate check. . ' * - , 
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Constructs a parallel circuit. 

V The student applies the rule for constructing a parallel circuit so whei\one or 

V X\m of three bulbs are removed from the sockets, such bulb^^ remain lit. 

Regular Supplies: 1 charged "D" size battery 
3 No. 222 bulbs and sockets 
' • 6 test leads , 

• I 

Student Action: Connecting the three bulbs in a parallel circuit. 

Tea^ier's fyTote: All three bulbs shoul* light at full brilliance. If they are very dim, 
either the battery is weak or the circuit is imprpperly connected. You can check for 
the latter by unscrewing one bulb; if the remaining two bulbs stay lit, the circuit is 
correctly connected. , . 

rPerfonnance Check A^ Get the following: 1 charged "D" size battery, 3 bulbs and 
sockets, and 6 test leads. Using these materials, connect the three bulbs in a parallel 
circuit. Show your teacher what you have done. 

Remediation: See the Remediation for 06-Core-l 1. 

Recognize&!the effect of adding a resistor to a series circuit. 

' ■ - ■ ■ " .■ .* ' - 

. The. student applies the principle that each resistor «dded to a series circuit causes 
every other resistor in the circuit to re(^eive. less electrical energy. 

Student Action: Responding to the effect that adding an element^fesistor) to a . 
series circuit reduces the amount otelectrical energy received by each resistor within 

the circuit. ■'' ■ - 

, . ■ •,. . ■ ' , ■ , •/■.< . 

Teacher's Note: For purposes of this objecthre] bulbs and motors are treated asre- 
'. ' ^'Sistbrsi' ■ ■ . '■ ■ ■ • 



06 





'I 



.} ■ ■ 
Performance Check A :^ Look at the circuit diagramed below. Suppose one more 

bulb is aSded in series with the circuit. How would this affect the amount of elec- 
trical energy the motor and the other bulbs receive? 




Remediation: Suggest that the student review pages 156 and 157. Figure 13-4 is 
also helpful. What happens to the amount of electrical energy each bulb receives 
when you add more bulbs in a series circuit? 
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Indicates a way to reduce current flowing in a series circuit. 



The student applies the rule that increasing the resistance of a series circuit by add- 

I 



ing resistors in the circuit decreases the,,current flow. 



Student Action: Stating either that adding another resistor in sepej^ in the circuit or 
that substituting a resistor with higher resistance for ond already in the circuit would 
decrease the flow of current. 

Performance Check A: The amount of current flowing in the circuit diagramed be- 
low can 6e reduced in several \yays. State oiie way in which the current can be re- 
duced but not stopped. 



QEt-^ 



Switch 



Motor 



Battery 



Remediation; (1) Suggest that the student review page 157 fot _the discussion of 
resista/ice. How does the brightness of the bulb in the series circuit which contains 
two bulbs compare with onej^vhich contains only one bulb? Is there a decrease in 
current flow in the two-bulb circuit? If the student has difficulty answering these • 
two questions, have him do the activity. (2) The student can also be referred to 
Activity 13-8, in which a resistor is used. Check his response to questions 13-33 
through 13-35. Have him dompare the movements of the coil in Activitiei|J 3-6 and 
13-8. Is there a decrease of current flow in 13-8? Why? (3) Refer the student to 
Self-Evaluation Check 13-5. . ' 



Labels circuit diagrams as series org)arallel.\ 

. ... . . ^ 

The student classifies each of foUr circuits as either parallel if the diagram shows 
more th^n one pathway from the battery^ the resistors or Series if the pathway for 

the electricity is shown going to each resistor consecutively. 

* .... . . ■ ' 

Student Action: Indicating the correct circuit type in all four cases. 



A 
B 

C 



1 and 3 - parallel; 2 and 4 - series., 
1 and 4 - parallel; 2 and 3 - series, 
1 and 3 — series; 2 and 4 - parallel. 



Performance Check A: Each diagram below represents either a series m a parallel 
circuit. On your paper, beside ihe number of each diagram, hame the type of cir- 
cuit it shows. 





15 



Motor- 




Battery 



Switch 



Diagram 3 



Battery 



Switch 



\, diagram 4 
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Remediation: See the Remediation for 06'Core-I4. 
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GivQs the cause for a temperature rise in a current-cartying resistor. 

The siudent applies the concept thatAvhen electrical energy passes through a mate- 
rial, some of tha't electrical energy is changed into heat energy. 

Student Action: Responding to the effect that when electrical energy pass^es through 
a resistor, some of that energy is changed into heat energy. 

Performance Check A: When electricity is passed through a resistor, the temperature 
of the resistor rises. What causes this? ^ \ 

I* ■ 

Remediation: (I) Refer the student to Activity 13-2, page 156. What happened to 
the niclirome wire Whcn^elcctricity passed thr^h tHe circuit? Whai characteristic 
of the circuit is associated with this temperature change? (2) Wfiat form of ene(:gy 
conversion takes place? What form of energy is associated with nichrome wire? 

Recognizes the effect of a magnet on a current-carrying wire. 

The student applies the concept that when a current-carrying wire and a magnet are 
brought near each other in a situation where only one is free to move, there will be 
a force between the two objects and the free object wilnuove. 



Student Action: Predicltng that the free 4)bject will move in res|X)nse ,to the force 
between the'two objects. " * 

Performance Check A:, wSuppose that^a compass with its magnetic needle is placed 
tindOr- tl^** vyia^of an electrical circuit, as shown below. What will happen when the 
.switch is do^? * . 




Battery 
(top view) 



Switch 



Remediation: (I) Suggest that tire student review Activity 13-4. (2) Check his 
, response to questions 13-17 through 13-20. (3) Suggest that he read page 160 which 
describes the concept of a magnet and a current-carrying wire exerting a force on 
each other. <4) Refer the student to Self-Evaluation Checks 1 3-4 and 1 3-8. (5) Sug- 
gest that^the student do Excursion 27.; 



Recognizes the'offeot on the strcnWh of an clectrom<^nct of changing the numbtsr 
^ of loops of vi'ire. 

' THe student applies the concept .that the strength of ap electromagjiet varies with the 
number of loofos in the coil of wire. .■■'■> ' . 



Student Action: Stating fhat tlie strength of an electromagnet varies with the num- 
ber of loops Ina. coil of wire. ^ ' 



\ 



Performance Check A: How does changing the nuipbcr of I^ps in a coil of v/lre 

affect it^ magneticyjtrengjii? ^ ■ . • ^. 

... . ■ 

■ Remediation: (1) Have the student compare the movement of the wire in Activity 
' 13-4 to that in Activity 13-6, pages 159 and 162. {'!) Check his response to ques- 
tions 13-28 and 13-29. (3) How did-tlft- movement of the wire differ in the two 
activities? What Caused this increase/in the movement of the wire in Activity 13-6? 
How could you change the amount of wire so as to get even greater movement? 

: — — • — 




Selects characteristics oj energy. 

' The student classifies four statements which are offered as general characteristics of 
energy. ' , . 

Student Action: Selecting "Energy carf exist in tnore than one form" and "Energy 
can be transferred from one system to another" as characteristics of-energy 
^ A: c and cl, . 

^ B: b and c . . " A 

C; a and b ^ 

Performance Check A: Record the letter of each statement below whiciridentifies 
a characteristic of energy. Energy can 

.a. be measured by speed multiplied by distance. 

lb.' be destroyed. 

c. exist in more than one form. 

d. be transferred from one system to another. 

Remediation: The characteristics of energy ac| developed in the context of poten- 
tial energy and kinetic energy in Chapters 8 and. 9. (1 ) You may wish to refer the 
student to questions 9-1 9 through 9-21 and. to the two paragraphs J hat follow. 
(2) In a broader context, you can refer to the first two paragraphs of Chapter 1 2 and 
discuss the answers to questions I 2-1 and I 2-2. 



r Selects variables which affect the electrical output of a battery. 

The student classifies the type of metal in the strip and the type of solution as the 
. variables alYeeting the amount of ele^rical energy given off by a J)attery. 




1 



Student Action:. SelectiiiR the (wo variables "usirig strips made of different metals" 
. airid "using a different solution, su<3h as copper sulfate.'^ * , , : 

. Br-^anVd ■ ' ' " ■• : / ■ ' • / *' ' 

■ C: band c . 

■ ' ■ . . . . V J . . 

'^Pbrforfviance Check A- This battery, as it is pictured, will not prodiitx enough elec- 
tricity to light .a bulb. tWrite fhe-letter of apiy change listed below which wouM let 
the battery produce more electrical energy. y*./ 

a. Using strips made of different rnetals ' , \' 

b. Using a beaker rather than a battery Jar ^ - 

c. . Using a different solution, Nuchas copper sulfate ^ . 

d. Using a cardboard divider < - ^* V , 













• 1 








1 








1 1 Copper 




1 •! Carbon 1 


-7' 



Ammonium chloride solution 



Remediation: tl); Have, the student review Excursion 23 and his data in tables 2>1 
and 23-2, (2) Discuss the results With him. Which metal*strips caused the bulb to 
light? Which caused the motor to run? Which soiuti6rl worked best? (^)C:i][eck his 
response to questions 23-2 tlirough 23-/^. (4) Have thS student do an i^ern^te 
check. ■ / <^ ' 

— '—^.-^ , \ \ , ' \ " ' ■ - . " - 

• ■ ■ ' — :^ • " . J .. ,^ 1 

Recognizes evidence of chen^cal dianges in^ v^hich energy is released. \" ^ , 
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♦ The student applies the concept that chemical dianges in. which chemic?tl energy is 
^giyen off can be identified by the production of light, heat, electricity,. bubbles, or 
the physical scattering of reactants. ' \ ' 

. Student Action; Selecting thd three entries containing such evidences. ^ 
A, B, and C: a, b, c . , 

■ • v.- ■ ■ ■ ' ' • '■ ■ ■ 

* Performanpe ChQck A: Chemical energy can bo stored arid then changed to other 
forms. Writ e t]^c letters of any sentences below in which it -is povssible to my that the • ♦ 
stofed chemical energy is changing to other forms. . 

a. The brown coating on the lead strip in your ISCS battery disappeared 
when electricity was produced. ^ ^ . ' . - 

b. The zinc riiet^l strip turned copper-colored when placcfd in copper sulfate 
/ solution and the solution ^t hot. • 

c. The addition of glycerine to potassium permanganate produced light. / 
d» None of^ those are correct. ^ \^ ' ' 



Remediation: . (; 1) Have the student review Excursion 24. -(2) If the student fatted to 
"select letter a, r6(k him to Chapter iX Activity 12-13, pages 149 through 15|, for 
(jiscussion. .(3) If he failed to select letter b, refer himlo page .4 16 where he did this 
activity. C)ieck his response/o question 24^1 1 . (4)'lf "he failed to select letter c, sug- 
gest that he revjew^VVCtivity 24-2 and'que^tions,24-l8,through 24-25. 

' • • , ,li i j ii I ' i 1 ^ I ■ II H ' I J I 

" . ■ t . , I I ■ ■ 11 ^ 

Recognizes errors'in measurements. ' • 

The student applies the concept that all measurements,. no matter how precise, are 
approximations and that it is impossible to eliminate errors in measurement. 

Student Action: Responding in disagreement with the proposition and to the effect 
..that all measirrements, no matter how precise, are approximations and that it is im- 
possible to eliminate err6rs in measurement, 

... • . ■ ■ ■ ^ : V 

Performance Check A: Nick me;asure« the weigljt of a 'beaker, using a balance like 
you use in your ISCS course, He gets a weight of 25.0 g. Next he measures the same 
beaker using a more precise balance - a centigram, or triple beam baldnte^ as it js- 
sometimes called. He ^ets a weight" of 24.98 g. Finally, he Uses an electrical balance, , 
which gives him a weight of ^4.976 g. . Nick- says now he knows that the 25.0 g 
weight he, recorded earlier is in error and that the weight of the beaker is exactly 

■24:976 g. "; ' ' ' • , ■ . . • .. 

1, Do -you agree or disagree with Nick? ' ■ 

, . . 2. .Why? • " . " . ' . ■ 

Remediatio'ii: (1) Have the student review Excursion 25, especially Table 25-2. 
.Discuss the data in. this table wifth tjie student and the errors in measurement in- 
volved. Is it possible to i>liminute these errors;? Check hfs'response to questions 25-7 
through 25rl 1. , ^ 



Draws a best-fit line between points on a grid. 

The student applies the concept that a best-fit line is a smooth curve with as>many 
pointsabove as Btlow the hne. \ ' ■ 

' ' ' ' • J ^ 

special Preparations: Grid paper must be available, yon may^ish to reproduce the 

the grid below with axis labeled and points plotted, rather than have the students do 
•the construction. ~ / ^< ' ' 

* 

Student Action: Drawing a' best-fit line on the grid. ' .. 

f • • * . ■ ■' . I _ 

Performance Check A: Luis plotted pbint^ for data he; collected usmg a spmigig. 
The points were located as shown on the grid below. Get .grid paper from your 

teacher. Label the axis, and p^ot the points as shown below. Then draw the best-fit 

' ' i ' ■ •■ 

lino for the points. 



2 s 



4.0 

< ■ ,•« 

3.5'. 

^ 3.0 

... 0) 

ir '2.0 

a 

^ Q 
uj 1.0 • 

UJ 

0.5 





























-J. . 


























* 


































> 


? 










) 


C 












; 


C 




























i 



10 20 30 40 p50 60 70 80 
INPOT WOflK (newtQn.fnet«r$) . 



06 

txc 
26 
1 • 



ERIC 



Beme€iiation:,<ll \{ the student can't draw a best-fit line, have him do or feview 
Excursion 5, especially page 305. (2) Discuss Figure 5-2, page 305, with him. 
(3) Have him draw the best-fit line for the check he was given. " ' 

Selects a characteristic of parallel circuits; ' - 

V ' * . .-I 

The student applies the prihciple that'i>araliel circuits allow electricity to follo\v any 
one of "seviJraTTruppendent paths. , • 

* ' " ■ ■ .* ■ ■ • ' - ■ ' 

Student ActioR: Selecting only thb response which indicates that electricity f lows - 

in several paths. . • .. - . 

A: d ■ . -. ■ ■ ' 

B: b . ' 

■ ^ -c: c ■ . , . ' ' ■ 

Ptorformahce Check A: The electrical outlets in IggyV house are wired' in jparallel. 
Write thejetter of the sentence helo^v that explains what that means. 

f a.' The circuit contains more ligHt bulbs than if it had been wirad in series. 

b. The TV, stove, and stefeo will work whether or not they are switched 
on. . ^ , ' . . „ 

c. . If the TV is switched off, ttte fan also stops running. 
d» The electricity can flow through the circuits in any one of several pathSi 



iat> 

e» All o| the alf)Ve are correct. 



29 



Remediation: (1) Suggest that the'student review, f ages 429 and 430 af Excursion 
26, in which RaralleUircuits were introduced. (2) Check his resporise to; questions 
26-10 through '26- 14. ; * ' 

Indicatt;s;'the difaction compass needles point when electri^city passes through a 
ne4rby;wire/ . • . ''V . ./.■...; ?^^. , 

• . ' ^- t , ' • * / . ' ' 

T^e student applies the concept that the.magnetic field around a wire through which 

electricity Ls flowing 4s a series lof concent^-ic. circles. 

Student Action: Drawing compass needles pointing in.directiohs tangential to imag- 
inary circles centered on thy wire and passing through their pivots. 

Performance Check A: The following 'diagram shows a>2opper wire passing through 
a piece of cardboard on which several compasses have been placed. On your an- 
swer sheet, trace the cari||)oard and, compasses. Then, use arrbws to show thC direct 
tion the „c,ompass tjeedles'' will ppint when the switch is closed and electricity iS; 
irassing through the wire. 




Remediation: (1) Suggest tlwt the student review BxcUrjiion ,27. (2) Check the 
student's results for Activity 27-13 and discussfigure 27-2 with him.. 
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Chapters 14 and 15 
Excursions 28 thru 33 



Performance Check 
Summary Table 



Objective Number 



Objective Description 



, 07 Cor6-1 



Selects a statement as not characteristic of a scientific model 



07 Corfe-2 



Select^s the correct source of scientific, mddels 



07 Core-3 



States two things done by a good scientific model/ 



07 Core 4 



Selects a charaCterl^ti^^otii scientifiqvrnodel 



Q7-Core 5 



* Lists three charaje^eristics assumed true of the ISCS electroparticle model 



Q7Core-6 



Traces the pgth of electroparticles jn ch^/;ging a battery 



07-Core 7 



Pecides the uniqueness and relevance of b model to a phenomenon 



07 Core-8 



Describes the process of charging, a battery 



Q7-Core9 



Us6s. the electroparticle model to explain how energy gets to.componen,ts of electrii 



circuit 



Q7-Gore-10 



Describes the function of the two poles of a battery 



07-Corer11 'v 



States the qffebt which adding a resistor .has on the current in a circuit 



Q7-Cbre-12 



Recognizes th6i effect of the amount .of energy per electroparticle on the number o 



electroparticle flowing in, a circuit 



07'Core-13 



Lists phenomena not explained by'tfle electroparticle mddeJ 



Q7-Core-14 



States the redson^for connecting an ammeter in series 



07-Core7l5* 



States a use of4he ISCS electricity measurer in series with a circuit 



07^Core-l6 



States how units of measurement cofrie intb bein^ 
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Objective Number 



Objective Dpicription 



07-Core-17 



Describes the battery-charging process, using the ©lectroparticle nfibdel 



07-Core-I8 



07-Core-19 



States the name of the standard unit for mejslSuring electrical current 



Names the ufiit used to meaSure<electrical energy carried by an electroparticle 



07-Core-20 



Shows how to change an ammeter so that it will measure voltage 



07-Core-21 



Makes a voltmeter scale for an ISCS electricity measurer 



07-Core-22 



'. ' '. ' ~ M.. ' ' K 

Shows thB use of an ammeter In a constructed circuit 



07-Core-23 



States what reverses the direction oj deflection of the p6inter on an electricity measurer 



07-Core-24 



State?, the effect that adding one more series circuit eli^ent has on the energy received I 



each element in a circuit' 



07-Ew.28,l 



States the direction of rndtlcm of surface water in wavfe^ 



07 EXc 28-2 



Explains the movementx>f waves/usihi^ a trdUgh and cork ^ 



07-Exc28-3 



Explains what makes a good description a good model 



07-Exc 29^1 



Selects the reason that new rribdels are accepted' 



07-Exc 29 2 



Selects the reasdn for acceptance of a scientific model 



07-Exc 29-3 



Selects what is implied by acceptance of a model 



07 Exc 30-1 



Completes a drawn circuit showing wires attracting or repelling each other 



07 EXC 3M 



Selects the. best description of scientists 



07-Exc32-1 



Decides whether batteries should be connected in series or in parallel 
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U/ 


. . . ' , .. . 


Objective Number 


Objective DescriDtion 


U/-tXC oo- 1 


Explains th^ effect of change in simple parallel circuits, usipg the electroparticle model ' 


U/'tXC 


——. • . ' — — + — ^ — — - 

States the results of adding more batteries to a series cirQuit 


Oi-Core-18 thru 22 R 


(Student s responsibilities) . 


02-C6re-16R 


-. ' ' * I ' u ii ' 

Remembers the questions that operational definitions answer 


- ■ <^ 
05-Core-22R 


Recognizes the characteristics of 6hergy 

■ ^ ' ' ' " • ' ' 


Oo>Core«7R 


' Indicates what makes an electrK:al circuit complete 


OD-Core-8R 


Constructs a series circuit * * - . 


06-Core- i2R 


^ — ' ' : — ^ — ' — : — — r-^^^ — - — — — — - — 

Constructs a parallel circuit ' 

^ ' : — ^ "-^ > . " • H r- 


OqCore-13R 


Recognizes the effect of adaing a resistor to a series circuit 

■ — --^ '-^^ — ^ ^ '■ ^ — 


Ob-Core- 18R 


*. ** , 
Recognizfes the effect on the strength 6tan electromagnet of changing the oumber of loops 




of Wire , . . ^ 


Ob*Gore-19R - 


' ' ■ ■ '". ■ ■■ ; --T^ 

Selects characteristics of energy 

■ ^ ^ — ■." ^ , .. ,' ■ : 
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Selects a statement as nfot characteristic of a scientific model ' ' 

■ ■• • . \ - ' ... . ^ • •••>; 

The student recalls that a model is an explanation which establishes a relationship 
'withjn a set of qtiseryations, data, or generalizations by^m^i^ns of ^ mental or phys-^ 
ical picture or a inathematical equation. 

^udent Action:, Selecting the statement *it is an experimental observation** as not 
characteristic of,a scientific model. v , ' 

A:.b ■ . ' * ' ** - 

■•:C: 3 \ . / ' ■ ' ' ' ^ ' : - V--' 

-•1 'r. . ■ - * , ' ■ ; 

Perforrhance Check A: Select the answer which is'^not true of a scientific model ■ 

a. ' It explains bbservations/ , » « ; . 

b. It is an experimpntal qbseryation. • 

c. It may in some cases be represented by a physical object of a.sketch. 
d^ \i i$ useful. ^ . ^ 

Rennedjation: (i) Suggest that the student review Chapter 14, pages 171 and 172,. 
wjiefe the characteristics of a good mod^^l are introduced, as well as his answer to 
Self-Evaluation Check 14-2. (2) Discuss these characteristics and the concept of a 
mental model with the students In Chapter .14, we built a model for electricity 
called the electroparticle model. Can you see'elex^troparticles passing from yoUr 
charged battery to a bulb? Must you see these electroparticles in order fbr your 
model to be good, or can we say that you built a useful mental model based on your 
observations of electricity? * * 

' '. ^ : ^- ' — ' 'J. . 

• ' ■ ■ ■ ■■ ' '' ry. ' ' 

Selects the correct source of scientific models. 

The student recalls that scientific models are thought up by men. * ' . 

Student Action; Selecting the entry to the effect ]^hat models are thought up in 
people's minds. , 
A: d ' . . • . 

. B: c- . 

"■ C: b • ■ • - . , ■ ' " 

■ ■ 

Performance Check A: Select , tlje best answer. Scientific models come into exist- 
ence by being ^ ' ' . 

a. ' discovered in nature, using telescopes.,/ 

b. found among data and pieced together. 

c. extracted from nature, using mictoscopes. li' ^ . 

d. thought up by men, using their observations^ 

Remediation: (I) Suggest that the student review pageS 171 through 175 in Chap- 
. ter 14. (2) Discuss building the electroparticle model with hiiti (page 174). In . 
building this model, one irtiagines that the battery cont&ins millions of tiny fele.ctro- 
particles. Thus, elec|;roparticlos weren*t discovered^or found in nature, - po one, has 
seen thenx - but were created in the minds of ^9eople. 




■1' '"I, 



Sta.ttMi two things done l?^ a good sdentific modeJ. '; 



The student recalls that a good scientific model (1) suggests question, (2) explairis - 
observatibns, (3) suggests new" experiments, ancl (4) predicts the nature of the re- 
sults C»f the n'ewexperim<;nts. 

Student Actitf)h: . Resi3onding with two.of the four characteristics above. 

Performance Check A: Statetwo things a goodscientific model does. 

' Remediatioii: (I) Refer the 'Student to Chapt,er R pages 171'thrQUgh 173/where 
the chara^tefrstics of a good; scientific model are developed. (2) Also refqr him to 
. Seft-Evaluation Check 14-2. :; jr' ' ' * •^ r- . 




Selects a characteristic bT'a'scien title rtiodel. 

The student c lassifies the coaiceptihat the models scientists use= may be flescijibed as 
liseTul rather than as correct.^ . ' ' - . 

Student Action: Selecting the statement which describes <the model as usefyl rather 

than as correct. * ^ \ 

A* c • ■ • ■ ■ ■ • , 

B: d . f . .; ' . ' ' ■ 

■ C: a ^ * • : . ^ v ' y 

Performance Check A: Select the statement below >yhich best fits your understand-- 
ing of the models that scientists use. A scientific model 

a. provides correct answers to, all scientific questions. 

b. describes what actually happen^ in nature and therefore is correct. 

c. is not used because \t is Correct, but because it is useful in explaining ob- 
servation?^ and predictingXother observations. 

d. cannot be shown to beXincorrect. 

Remediation: (1) Discuss the electro particle model with the student. Why is this 
model useful? Is it useful because iWlps to explain a set of observations and en- 

. ables Us to predict things? Or is it uMul because we ar(; certain that it is correct-- 
we have seen electroparticles in test leadVaiul they really do haw hats and three legs. 
(2) Such a line o\' thought as that will elnjiinate the choices which indicate tjiat the 
usefulness of a model lies in its correctness ihid will give strong evidence for the right 
choice. \i a student suspects that "cannot be shown to be incorrect" is the. right 
answer discuss the iteni with him. Would onCx thrq-w out a floop-plan model of a 

, school because a new room was added, or would\ne modify the existing floor-plan 
model? 
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Usts jthree^hafaciteristics assumed true " ' . 

iPhe, student recalls that it is assumed that electrppartides,(l) can be given eneigy,* 
(2) can move fi;Qm place place, 0 can ghre up energy, (4) Will move through con- 
ductors in a comple.te leireuit, and (5) will lose all their energy in so dping. ■-■ • ' 

$tucliBjnt Action:, Jlespomdih^ 'with at le^st two of the notions above. « ' • " 

Performance Check A: Thd ISCS model for electricity uses the id^ of the electro- 
pairticle. List three characteristics that are assumed to be true offthe ISCS eiectljo-. 
^ particle. , ' * .' . •' 

Remediation: (1) Refer the student to page 174^f Chapter 14. (2) Here the ISCS 
model for electricity is built, and the characteristics of 'Ihe ifit)dej, which are assumed 
to be true, are listed. (3) If the student has difficulty in understanBiiig or accepting 
these assumptiojis, a discussiorn may help him. ' ' . - \ , 

Traces^he path of electroparticles in charging a battery. '■ ■ • 

The student recalls that when an ISCS battery is being charged, low energy electro- 
particles move out , of the-low energy terminal of the battery, Veceiye-; energy from 
the charger, and retu4"n to the battery thro^ugh thejWgh energy termirfal. " ^ . - 

Student Action: Descrfbing the p^th of the electroparticles and e?cpl^iriin g the cjiarg- 
ing of the battery as outlined above. / . ' . „ ^ 



PtorformanceCheck A: The diagram below.shows an |SGS Wtery charger and an 
^CS battery. On ypur answer sheet, describe the path through thjp battery-battery 
chargct, circuit that we assume electroparticles follow. Tell what happens td't'he 
electroparticles at each step. v .7, 



High energy terminal 




Operating battery charger 



Remediation: (1) Refer the student to Figure 14-3, page 175, and discuss the dia- 
gram with him. (2) Take special note of the resulting energy change in the electro- 
particle and in the battery. 
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. Uses tlic eleetropurticle model to explain liow energy gets to eomponentS-of tyl elec- 
tric vireuit. ... 

p . . ■ ' 

jhe student recalls that high energy electrgparticles carry energy from the battery tu 
■d given cofnponontrgive up their energy, and return to the battery as low energy 
elcctroparticl^fs* 

Student Actibn; Responding to the effect of the above. 

Performance Check A: When a charged battery is connected to a light bulb and the 
circuit is complete, the bulb lights. " Using the ISGS electro particle model, explain 
how the energy travels through the circuit arid hpw it makes the buib Ijght, ■ 

Remediation: (1) Refer the student to Figure 14-4. Discuss this diagram with the 
student. A light bulb or elcftric bell can be substituted for the motor. Give special 
consideration. to the energy changes involved. (2) Review the student's rcsjwnse to 
.JjeU'livaluation Check 14-5. 
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Decides the Hniqii^ness and relevance of a model a phenomenon.. 

The student recalls that more than pne model can be invented to explain the same 
phenomena and that a soibtltist uses the model which best suits his pf&tjyi., 

'Student Action : Responding affirmatively aijd .with the notion of the concept. 

.Pe^rformance'Check A: €an scientists develop more than one model which can be 
: used 'ta.;eX plain light? If not, why not? If so, how would a scientist decide which 
model to us-e?- ' - ^ 

Remediation: (lyDiscuss building a model with the student. How does one build 
a scientific model? What is this model based on? Could other jppdels for electricity 

.;. be developed, based on the sjame set of observatioris? (2) Refer the student to pages 

• 171, tlirough 173: • - . • ' ; 

■ ■ ' r: ^ _^ • : , „ ■ ■ ^ 
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, Describes the process of charging a battery. 

The student applies the assumptions of the electroparticle model to the process of 
charging a battery. ' 

Student Action: Describing the Battery charging process, using the notion that the 
"charger gives energy to the electroparticles which then return to the battery and are 
stored thtf're with their extra energy. / 

P'erformandeCheck A: Using the electroparticle . model,, describe the process of 
charging a battery. 

■ Remediation: ( I ) See Remediatioii 07-C:ore-6. (2) Review the student'^ response. to 
Self-Kvaluatibn Check 14-4. ' ■ 
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Describes the lunctioirof the two poles of a battery. 

The studenr r eealls that outgoing high-eiu?rgy electroparticles leave the battery from 
one pole and that returnir\g low-energy electropartieles pass iiUo the battery through 
.Ihe other poje. ' ' * . j 

Student Action: Responding to the el felt of the above. 



07 



^Performance Check A: Tell what happens at the' poles (terminals) of a batt^^ry when 
there is a eoniplete eireuit to a motor. Explain your answer in terms ofitho iSCS 
electro particle model. / - 

Remediation: See the related Remediatio* fbr'07<'ore-9. 

States the effegt which adding a resistor has on the current in a circutt... 




The student' recall^ that a resistor allows fewtr electroparticles to flow through a 
circuit in a given pe^od of time. 

Student Action: Responding that a resistor allows .fewer electroparticles to flow 

tlirough a circuit in a. given time peinod. ^ 

■'. '■* ■ » 

Performance Check A: Use the elecfroparticle model to explain what happens toThe 
current flow in l\ circuit when a resistor is added. 



Remediation: Refer the studerrt to F'igure 14-7 on |vage 179. Ask him to describe 
the difference between the two diagrams, ,What happened to the flOw of energy 
when the resistor was added? How was the electroparticle differeni after the resistor 
was added; that is, what effect does the resistor have on the electroparticle? 



R,ecogni/es the effect of the amount of eiiergy per electroparticle oij the nimiber of' 
. • electroparticles flowing in a circuit. ji 



^ fhe student applies the feature of the electroputticle model which assumes tjiat the 
number of electroparticles flowing through a resiv;tor in a circuit in a given period of 
time is dependent upon the energy of each electroparticle, » 

Student Actidn: Selecting the entry which states to tjie effect that the number of 
electroparticles flowing dcpeniHf .upon the energy of each electroparticle, 
A:d. 

' B: c • , 
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Performance Check A: A circuit contains a charged battery/an electric motor, and 
a resistor. Which factor in the list below deteriyines how many electroparticles will 
pass yirough the resistor in two minutes if the b/ttery has a good charge? 
' a. The charge of the battery \ f 

b. The size of the electric motor ^ \ 

c. The size of the electroparticles 

d. The energy of each electroparticle 

Remediation: (1) Refer the student to Figure 14-8, page 180. Ask the student to 
describe this diagram to you. Why are the're more electroparticles passing through 
the resistor in line 3 of the figure than in line 2? What causes this increase? What i;^ 
differei}t about the^electroparticles in line 3 from those in line 2? (2) Ask what de-^ 
tcrmiries how many electroparticles will pass through a resistoV per unit of time. 



Lists phenomena not qxplained by the electroparticle moSl. - , 

The student 'recalls at least two of the following phenomena not explained by the 
electroparticle model: (l).the capacity of^lectropartjcles to pass through solid Wire, 
(2) the capacity of electroparticles to cause a wire to act like a magnet, (3) the abil- 
ity of electroparticles to carry energy, (4) the form of the energy carried by electro- 
particles, (5) the source of the energy tltat moves electroparticles, and t6) the release 
of differing imiounts of energy to a* given resistor depending on the number and type 
of resistors in the circuit. 

Student Action: Listing the notion of at least two unexplained phenotiiena such as 
the above. 

■ * 

Performance "Check A: List three things about the flow of electricity through u cir- 
cuit that are not explained the the \SCS electroparticle model. 

Remediation: (1) Refer the .student to the list ;0n page 181 of phenomena not ex- 
v plained by the electropart.icle model. (2) If the student is not satisfied with this list, 
. suggest that he do Excursion 2^), which shows how the model is unable to explain all 
the characteristic* about electricity., (3) Ask the student to check his own response 
to Self-Hvaluation Check 14-6: 
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States the reason lor connecting an ammeter in series. 

ihe student r ecalls UkU only in a series circuit will all of the current flowing in the' 
circuit tlow througli- the metar. " ■ . 

.Studer^t Action: Responding to the effect of the above. 

Performance Check A: When'you use an ammeter to measure the current received I 

by a circuit, yc-ni' nuist ^)miec4 jt in series with the circuit. Why? | ™^ 

Remediation: (1) Suggest that the student review page 192 and I'igure I5f5. 
i (2) Oheck his responses to question 1 5-9 ami to Self-livaluation Check 1 5-3. (3) Dis- 
! .cuss this figure with, the student. Why can't an ammeter measure the currt'iit llowing 
t. "through the bulb when it'is ho oked up in parallel? " 

■ 'X, ■■ . . . 

* O ' - ■ . • 
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States a use of the, ISCS electricity measurer in series with a circuit.* 

The student classifies an ISCS electricity meaiurer ^ an amipeter ^or current flow 
meter) when its resistof is bypassed and it isjn series with a circuit. 

Student Action: Respondint^ that the electricity measurer will measure current flow 
(amperes or electroparticles per sev^ond) passing through the circuit.' ^ 

Performance Check A: Study the diagram below to determine how the electricity 
measurer is connected in the circuit. When it is connected in this manner, what does 
it measure? ( . ■ . ■ ' . 




Remediatpn: (1) Suggest that the student review pages 184 through 186 in Chapter 
1 5. (2) Check his response to questions 1 5-1 through 1 5-5. (3) If necessary, discuss 
these pages with him. It is there that the u.se of the electricity measurer as a counter 
of electroparticles is developed. 
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States how units of measurement come into being, 

The student recalls that a unit of nieasurenierit is a matter of definition. > 

Student Action: Selecting the entry to tlie effect that a unit of measurement is 
defiiied by man. 
A: b 

B: c , 
C: d 
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' Performance Check A: Sefect - the" best answer b^low. Accepted units of measure- , 
ment come into existence when they are , " ' 
: a. found by experience, 
b. defined by people. ' ■'. 
' c. set by nature, 
d. experimeiH'dlly discovered by scienl 



n^ . ( ^ 



Remediation: (1) You may wish to have a short discussion on how accepted units 
of measurement came about. (2) Excursion 7, which may be used as a homework 
assignment, gives-;i background on the development of units for linear measurement 
and-also emphasizes the importance of standard units. This excursion may prove 
beneficial here. . ^ 



Describes the battery-charging process, using the electroparticle model. 

The student generates an explanation for the charging of a battery in terms of the 
assumptions of the ISCS electroparticle- model. 

Student Action: - Describing the charging of a battery and including the notion that 
the charger gives energy to the electroparticles which then return to the battery 
along a patliway which must be unbroken and are stored there with their extra 
energy. 

Performance Check/A: One way to describe electricity is to use the electroparticle 
mod^l. 'U.sing-thiS model, describe the process of charging a battery. ^ 

Remediation: (1) Ask the student to describe tbo electroparticle model for elec-' 
. tricity. If he is. unable to do this, have him review page 174, where the model is 
'introduced. (2) Ask him what happens to the electroparticles when the battery gains 
a charge. See if he can represent this with a sketch. If not, refer him to Figure, 1 4-3- 
on page 175. (3) Have him describe this figure to you. (4) Recommend that the stu- 
dent check his responses to Self-Evaluation Checks 14-4, 14-5, and 14-6. 
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States riu; name of the standard unit for measuring electrical current. 

' ' ' '■ • 

The student recalls that the ampere is the unit for measuring electrical current. 

If ' ' 

Student Action: Responding "ampere.'' 

Performance Check, A: Name the standard unit for measuring elertTlcal current. 

Remediation: (I) Suggest that the student review page 188 of the text, where 
ampere is first introduced. (2) Additional review can be provided by checking the 
answers to Sey-Evaluatioii Check 1 5-4. 

■.. „ — • ' • '■ f 

■ . • • ■ ■ • I 
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Naipes the unit used to measure electrical energy carried by an electroparticle. 
The student recalls the volt as the unit for measuring electrical energy carried <J)y an 
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sponding **volt/' . 

Performance Check A: What is the standard Unit tor measuring electrical energy 
carried by an electroparticle? 

Remediation: (1) Suggest that the student review pages 198^ and 199 where volt is 
introduced. (2) Check his response to questiops 15-16 and 15-17 and to Self-. 
Evaluation Clicck I5-6a. ' * 

Shows how to change an ammeter so tfiat it will measure voltage. 

The student manipulates an ISCS electricity measuref already set up as an ammeter 
so that it will measure voltage. ■ 

Regular Supplies: , --^ , 

1 electricity measurer with amuieter coil attached and 2 test leads properly 

connected to terminals I and 2 ' ^ 
I pointer assembly with magnet installed and balance rider attached , 
1 tongue depressor scale (blank) attached by 2 rubber bands to a l/z kg ma§s 
1 voltmeter coil 



Special Preparations: Set up the equipment assembled as above in a bo?c labeled 07- 
\ Core-20. 1 ry to observe the studeirt while he is manipulating the materials. Check 
his answer and then be sure to return the setup to the supply area assembled as spec- 
ified above. • ' 

Student Action: Replacing the ammeter coil with the voltmeter coil and including 
the resistor by disconnecting the test lead from teriftinaL2 and connectkig it to ter- 
minal 3. - 

Teacher's Note: As no written response is required, an observer must be available to 
assc;>s performance on this objective. 

Performance Check A: Carefully study the setup your teacher has assembled irt^box 
07-Core-20. As it is set up Jt is 3in ammeter. Change it into a voltmeter. Sl\owyour 
setup to your teadier. . • ^ ' 

^Remediation:^ (1^ Have the student review pages 197 and 198, Activities 1 5-3 and 
• 15-4, in which the voltmeter setup was introduced to hifn. (2) You mayv promote 
discussion of why one must change to- terminal 3 and use a many-turned coil to 
measure voltage. What does a voltmeter measure? How do we measure the amount 
of energy each electroparticle has? When we add this resistor, why is it alsb neces- 
sary to substitute the many-turned coil for the ammeter coil? 



•\Makes a voltmeter scale fof an ISCS electricity measurer. 
The student manipulates an ISCS electricity measurer to construct a voltage scale. 

r 

Regular Supplies: 

■ 1 ISCS electricity measurer kit . 
.4. D-cell batteries in holders 
5 test leads 

1 blank tongue depressor mounted on a Vi kg mass with 2 rubber bands 

Student Action: Assembling the.equipment with the zero point marked enlTtongue 
depressor when no cells are in the circuit, making additional points on the scale at 
the resting points when each additional cell is added in a series with thejirst cell, and 
then labeling the marked points above the zero as 1.5, 3.0, 4.5, and 6.0 volts in 
sequence. . . 

Performance Check A: Get an ISCS electricity measurer kit, four D batteries in 
holders, five test leads, and a blank tongue depressor mounted on a V2 kg mass with 
rubber bands. Using these materials, make a voltmeter scale for the electricity meas- 
urer. 

Remediation: (1). If a jitudent-has difficulty with the voltmeter setup itself, .see the 
Remediation for 07-Core-20. (2) Have him review Activities 15-1 5,. 15- 1 6, and 15-17 
for the actual construction of the voltmeter scaie.^ (3) Have the student reconstruct 
the scale for you. Watch for the correct test lead connections. (4) If his only prob- 
lem was in labeling the scale, have him read the voltage printed on a.battery to find 
the voltage of each cell. 
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Shows the use of an ajnmeter iaa constructed circuij. 

Tift; student "applies tl^e rule that ammeters are conr^ected in series with the current 
.suppjy and the total resistance and the rule for measuijing^current flow. 

Regular Supplies: I ISCS battery 
4 bulbs 

1 switch . * 

2 motors 

7 test leads 

I ammeter complete with scale 
Student Action: Connecting the ammeter yorrectly in each circuit and reporting 
both of the ampere readings within one of the smallest subdivisions on the scale. 
For circuit A, the ammeter can be inserted in series between any two interconnected 
components. For circuit B, the ammeter must be inserted between the battery ter- 
minal and the switch, between the battery and the first l?ulb or between t*re .switch 
and the first bulb, but it cannot be connected between two bulb- 
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Pdrformance Check A: 

. I. Construct circuit A. Cldse the switph ahd measure the current flow, and 
report your measurements. Show your ammeter hookup to your teacher. 
2. Then hook up circuit B. Close the switch and measure and report the 
total current flowing in the circuit. Again show your hookup to your 
teacher. ' < * 




Circuit A Circuits 

Remediation: (1) Does the student know how to set up an ammeter? If not, refer 
him to Activities. 15-1 and' 15-2, page 184. (2) Does he know how to measure the 
current flow in a circuit? If hot," suggest that he review Activity 15-10 where he 
measured the current flowing through one bulb. Check his response to question 
15-8. You may wish to discuss this activity with him. (3) Have the student redo the 
check. If difficulty sfiU exists, tying in this performance check witlf Activity 15-10 
may be helpful. Have him subfititute three bulbs, in series or in parallel, in place of 
the single bulb in that acfivity, and then measure gurr en t flow. 

^ *■ ■ ■ c 
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States lyhat reverses the direction oT deflection of the pointer on an electricity 
measurei^, , ■ 

• I 

The studeilt applies the principle that the direction of deflecfion of a pointer can be 
reversed on a meter of that type by reversing -the connections of the met(Jr to the 
> circuit. 

Student Actioii Responding to the effect that he would reverse the connections of 
the meter to th^ circuit. 
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Performance Check A: John connects an electricity measurer, closes the switch, and 
the pointer moves downward on the scale, as shown in the diagram below.^ What can 
he do to cause the pointer to deflect upwar^ on the scale? 




Electricity measurer 



Bulb 



Remediation: (1^) Have the student review Activity 15-2. ,(2) If he has never had the 
benefit of switching the leads to reverse a downward moving pointer, have him do 
this activity, , 



States the effect that adding one more series circuit element has on the energy 
received by each element in a circuit. 

The student applies the principle that each rdsistor added to a series circuit causes 
every Element in the circuit to receive less electrical energy. 

Student Action: Stating in effect that less- electrical, energy is received by each 
element. "s ' • ^. ■ 

Performance Check A: ^ 
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Battery 



Switch 



Motor 



Bulb 7i 
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How will adding one more buH in series in this circuit affect the amount jpf electrical 
energy each of the other bijbs receives? 

Remediation: (!) Refer the student to Figure 13-4, page 1 57, and the'accompany- 
ing text. (2) Refer the student to Figure 14-8, and the two statements above it/ If 
adding a resisjance to a circuit reduces the number of electroparHtles that travel in a 
circuit and each electroparticle carries energy, what effect will the added resistor have 
on the amount of energy available to each circuit element? 

States the direction of motion of surface water in waves. 

The student applies - the principle that when waves pass through water, the surface 
water does not move horizontally but moves up and down. ^^ 

Student Actidm: Selecting the-: statement indicating that the object moves up and 
down in the same general area. * 
A: c 

B: a • • . 

C: b 

Performance Check A: A stoppered bottle witli a message inside has been thrown 
into a cahn sea by a prisoner on a pirate ship. The captain sees the bottle and tries 
to shoot it with the ship's canilon. All he does is make waves with the cannon balls. 
The waves pass under the floating b^le. Which of the following statements best 
describes the mptio^ of the bottle in the water? 

a. Away.i[r0^ the ship *^ 

b. Towards the ship ' * 

c. Up and down in nearly the same spot 

d. Impossible to answer unless you know if the waves are moving away from 
or toward the ship 

Renfiediation: (HJHave the student review Excursion 28, especially page 445, Figure 
28-2. Describe the motion of Hie man and the boat. Did the man move horizontally 
in either direction? (2) Suppose you tied a long rope to a post and then tied a hand- 
kerchief in the middle of the rope. When you cause waves to travel through the rope 
by moving it up and down, in which directron will the handkerchief move, up and 
down or back and forth from side to side? . 



Explains the movement of waves, using a trough and.4ork. 

The student applies the concept that it is energy which jnoves horizontally in a 
wave,, and not the medium itseltV * ' 

^ I' 

Regular Supplies: I trough or pan 1 pencil ^ 

I cork ^ water ... 

Student Action: Responding that there, is no horizontal movement of the cork- 
ter system and with the essence of the concept above. 



t 



49 



Performance Check A: Placef 2 inches of water in a water trough, and put a small 
cork in thei-middlc of it. With a pencil, slowly tap the surface of the water at one 
end of the'^^an, creating a series of waves. Does the cork-water system move hori- 
zontally tow^firds ot a<i^ay from the wave source, pr doesn*t.the system move hori- 
zontally at ari? What, if anything, travels across the water's surface? 

Remediation: See the Remediation for 07-Exc 28-1 . 

. . ^ ; '■ ■ 

l^xplains what makes a good description a'good mddd. 

The student applies the principle that any description is a good model if it explains 
the observations and can be used*for the purpose intended. 

Student Action: Responding negatively and stating the notion of' the principle. 

Performance Check A: Read the follpwing story. Assume that both persons are 
stating correct facts. Zack Zap is training people to operate light shows. He explains 
the theory of scries circuits, using the electroparticle model of electricity. This model 
Is fairly simple and explains all the observations his students will make. One of his 
students brings in a new book which explains series circuits, using the new, but com- 
plicated, electron model for electricity. Would the student be right to say that be- 
cause the electroparticle model is incomplete, it is wrong and should never be used? 
Explain youjr answer. 

Remediation: ( 1 ) Review the characteristics of a good model on page 1 72. (2) Ask 
the student whether he can name any criteria for a good model which the electro- 
particle model fails to meet. 



Selects the reason that new models are accepted. 

The student applies the concept that new models and constructs are proposed as 
useful ways of thinking about phenomena. 

Student Action: Selecting the response to the effect that models are accepted if they 
are useful ways of thinking about phenomena. , 
A: b 



B: c 
C: d 



Pecformance Check A: Select the best answer below... The gravitron, a particle of 
gravity, is a model proposed to explain gravity. Most scientists will accept the 
graVftron model 

a. if forces other than gravity can also be explained in terms of gravitrons. 

b. if thinking \ibout gravity as tiny particles is useful in explaining gravity. 

c. if a law is passed that gravity can hn\y exist if it i.s in the tiny particles 
described in tlve model. 

d. only if gravitrons are seen in experiments. 
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Remediation: (f) Have the student review page 172, v^'here the characteristics of a 
good model are presented. Discuss these characteristics with him to see if he can 
select the option which matches these characteristics. If he still selects a distractor 
option, see if he can defend liis choice.. This will lead jto the seleaibn of the correct 
response, (2) Ask the student to reevaluate his response to Self-Evaluation Check 
14-1. ^ • . - 



Selects the reason for acceptance of a scientific model. . ' ■' . 

The student applies the concept that scientific acceptance of a model implies that it 
explains observations made to date but doks not imply that scientists feel it to be an 
absolute truth or t|iat'no other model would work. 

Student Action: Selecting the entry involving explanation of observations, but not 
those imj)lying that the model represents an absolute truth. 

B: b * 

C: d . 

Performance Check A: Suppose that in 1 970 nearly all scientists accepted the wave 
model for heat. This would mean that 

a. they had direct proof that heat traveled in waves. 

b. at least a few scientists had observed heat traveling as waves. 

c. thinking about heat as though it traveled in waves explained the obser- 
vations made to that date. . ^ • 

d. heat had the exact properties of a water wave. 

e. no other model could fit the observations made to date. 

Remediation: ( 1 ) Discuss the ideas expressed in Excursion 2^ with the stud.ent. What 
does (his excursion tell him about .his model for electricity? Do we have direct 
proof for electroparticles? Is this the only model which would e)^plain our obser-*^ 
vations? (2) Review the student's response to Self-iivaluation Check 14-7. ' 



Selects what is implied by acceptance of a model. 

The student applies the idea that a model needs to be modified to account for new 
observations. 

Student Action: Selecting the e^ltry that best states the idea given above. 
A: b 
B: c 
C: a 

Performance Check A: Pretend that nearly all scientists accept the electroparticle 
model of electricity described in Excursion 1^). Choose the entry below which best 
describes one'of the things that acceptance implies. 

a. Scientists have seen electricity traveling as electroparticles. 



b. The model must be revis<?d to incorporate any new observations that 
don't agree with it. 

c. No other model could fit the observations made to date, 
d/ answers all their questions about electricity. » 

e. None of the above are correct. 



Rennaidiation: See the Remediation tor 07-Exc 29-1, 



Completes.a drawn circuit showing wires attracting or repelling each other. 

The student applies the concept that an attracting force exists between two parallel 
wires carrying electricity in the same direction and that a repelling force exists be- 
tween two parallel wires carrying electricity in opposite directions. 

Student Action: Indicating the battery polarities. ' 

A;^ . Terminal 4, 2. Terminal 3 > , 

B: 1. Terminals, 2. Terminal 4 

C: 1. Terminal 4, -2. Terminal 3 ^ ' 

' f - ■. ■ ' • • ' 

y 

Performance Check A: Two wires, A and B, are positiokpd as in Diagram 1 when 
the switches are open. Diagram 2 shows that when the sw^;hes are closed, wires A 
and B will attract each \>thc'r. Suppose tli«t in Diagram i liiAhe circuit containing 
wire A the electroparticles come out of the battery through t<^r,minal 1 and reenter 
the battery through terminal 2. 

1. Through which terminal in the circuit containing wire B do the electro- 
particles g:)ine out of the battery? 

2. 'Chrough which terminal in the circuit containing wire B do the electro- 
particles go back into'lhe battery? . ^' 
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Termindl 1 TerrYiinal 2 

aiit 



c 



inr 



1 



Terminal 3 Terminal 4 

n 




Diagram 1 




Terminal 1 Ter)pfiinal 2 



Terminal 3 TeVmnal 4 




Diiagram 2 
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Remediation: (1) Refer back to Excursion 30, especially question 30-7 on page 
456. Did the student answer this correctly? (2) Refer back to Excursion 27 for the 
magnetic field around a straight wife. Two adjacent wires would have fields like Dia- 
gram A below with the current flowing in the same direction, and like Diagram B be- 
low with current flowing in opposite directions. In magnetic fields with opposing 
lines of force, as in 'Diagram A, the wires attract (opposite magnetic fields attVact), 
and in magnetic fields whose lines of force move in the same direction, as in Diagram 
B, the wires repel each other (as opposite poles repei each other). Diagram A is the 
situation Existing in Checks A and C; Diagram B is that of Check B. 



Diajgram. B 
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Selects the best description of scientists. 

The student applies th'6 principle that scientists, like other human> beings, exhibit a 
variety of behavior patterns. 

Student Action: Selecting the statement t.o that effect. 

.■ A:' c • . . 

B: d 
■ C: a 

Performance Check A: Which of the following statements is the best descriartmi 6f 
scientists? 

Scientists all exhibit behavior pattern*; like Ampere's. 
Scientists are completely different from other people. 
Scientists' personalities vary like tho^e of any. other group of people. 
Scientists are 'a group of people who were geniuses even as children. 
Scientists are so involved with their work that they do not have time to be 



a. 
b. 
c. 
d. 
e. 

polite. 



Renfiediation: (I) Discuss. what is meant by scientist. Ddks the student know any 
scientists (his science teacher or otiiers)? (2) Encourage additional reading on the 
lives of scientists. 




Decides whether batteries should be connected in series or in parallel. 



The student applies the concepts that in a series circuit an electroparticle picks up 
energy from each battery through which it Hows, thus enabling the toy to run 
faster but for less time than if it were in a parallel circuit, whereas in a parallel Cir- 
cuit electroparticles are furnished by each battery iridependentiy, causing the toy to 
run more slowly but for greater lengths of time than it would if wired in a series 
circuit. . ' 

.! 

Student Action: Responding with the notion of the concepts above. 



Performance Check A: A toy manufacturer .wants tp make two battery-operated 
walking dolls which operate on two ordinary batteries. He advertises one doll as 
**Wa|king^Wilma - she walks slowly, bul sheMl walkJonger than any other doll you 
can buy." He advertises the other doll as ''Running Rowena - she runs short raqes 
faster than any other doll made today.'* 

For each doll,^state whether the dolKs batteries should be connected in series or in 
parallel. Explain your choices, using the, electl-oparticl^ model. 

Ramediation: (1) Review the results of series and parallel connections on the pro- 
peller in Excursion 32, especially the questions on page 465. (2) Suggest that the 
. student read pages 466 and 467. (3.) Retest with an alternate check. 

< 

; ~ — , ■ 

Explains the effect of cliange in simple parallel circuits, using the electroparticle 
^niodel. , 

« - , 

The student applies the electroparticle model to determine that ttHtfe is no change 
in the energy an electroparticle carries when the number of resistors or batteries in 
the parallel circuit is changed. 

Student Action: Stating that with an increase in the number of batteries and resis- 
tors the voltmeter reading would remain the same because each cancels the effect of 
the other. 

Performance Check A: Susie the Snoozing Doll operates on two batteries connected 
jn parallel. The motor that operates her arms and the motor that operates her legs, 
as she stretches can be thought of as two similar resistors. The mianufacturer plans 
a new, improved Susie who can move her head from side to side. ^This movement 
will require a third motor (resistor). In addition, the manufacturef plans to add a 
third, battery in parallel. Will a voltmeter reading taken on the new improved Susie 
be more than, equal to, or less than a voltmeter reading taken on the older version of. 
Susie? Explain your answer, using tha electroparticle model. 

. 'Remediation: (1) Check the student's answers to' questions 33-3, 33-7, amr33-8. 
(2) If Ihe answers are not correct, have the student discuss Figure 33-1 with you. 



States the results of adding more batteries to a series circuit. 

The student applies the electroparticle mpdel to- (jxplain what hapijens to an ammeter 
reading when an equal number of equivalent resistors are addfecl to a series circuit. 

Student Action: Responding thiit when an equal number of equivalent resistors and 
* batteries are addeTl to a series circuit, the ammeter reading should stay thcsame be- 
cause if more of these batteries- are connected in a series circuit the electroparticles 
arc given more energy, r^sultin^ in morejcurrent through Uie resistors, and that an 
increase in the nunihJsr o^/equivalent resistors connected in series decrtiases the 
current in the circuit and (fierefore the amfneter reading would not change. 

f 
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Performance Check A: Wanda the Walking Doll operates on two batteries and motors 
connected ii) series.,^ The motor that operates her arms and the motor that operates 
her legs can be thought of as two resistors. The manufacturer plans a new, improved 
Wandav vvho can move her head.^his movement will be a third motor the same as 
the other two. In addition to the motor, the manufacturer plans to add $ third bat- 
tery in series. Will an anrnieter'teading taken in the new^proved Wanda be more 
than, equal to, or less than an ammeter reading taken in the older version of Wanda? 
Explain your answer, using the electroparticle mode^l. * 

Remediation: (1) Check the student's answers to questions 33-9, 33*10, and 33-,n: 
(2) Discuss Activities' 33-4, 33-5, and 33-6 with the student. 
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Chapters 16 and 17 
Excursions 34 thru 39 



Performance Check 



Summary Table 



Objective Numbei^ 



'X)bjective Description < 



08-Core-1 



Uses the electroparticfe model to explain how an ammeter should be connect 



08-Core-2 



08~Core-3 



States the way a voltmeter should be connected in a cirpuit 



States the procedure 'for detecting and- measuring voltage in a circuit 



08-Core~4 



Designates a meter's use as an ammeter or a voltmeter from its connection within a circuit 



•08-Core-5 



Calculate^ electrical energy from given data 



08-C0re~6 



Selects the formula for calculating electrical energyMn a direct current circuit 



08-Cor6-7 



States variables needed to calculate electrical energy 



08-Core-8 



Measures appropriate quantities and calculates electrical energy 



08-Core^9 



States^the advantages in Recording obsejfvations as numbers 



08Cdfe-10 



Selects examples of^electricjty doing observable work 



.08 Core- 11 



Connects ^ vpltmeter and measures voltage across both. parallel and series circuits 



08-Core-12 



Explains why the total resistance of a series circuit is greater than that of a parallel circuj 



of jdentital resistors 



08 Core- 13 



Selects characteristics of parallel and series circuljs, constructed from the same component 



. 08-CQre-14 



Proposes ah operatidnalvdefinitioo for the eriergy of a battery, using specified equipment 



08:Exc 34 1 



, Selects simple Snalogij^s for vqlt^ Biripen^j^awd elSdtrop^rticle . 



A -- 



08-E^c35-1 ; 



Selects vgj'iables'detennnining the electrical power fsceived by a bulb 



•08-Exc 35 2.' 



M6asures>/oltage,'ancl aqlperage and calculates the power ii^a circuit; 
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Objective Number 



Objective , Pescrlptioii 



08-Exc 36-1 



Explains, using the electroparticle model, why resistance does not vary with voltage an 



current 



08-Exc 37-1 



Tells what happens if Qne magnet in a student motor is reversed 



%8 Exc 38-1 



Describes an experiment to determine the work done 

\ 4 



08 Exc 39-1 



Recognizes factors m#ing a scientific task easier 



Ol-Core-14 thru 17R 



(Arithmetic skills) 



01 -Core l 8 thru 22 R 



(Student's responsibilities) 
Measures wor( done 



03-Core-5R 



05-Core-13R 



Compares amounts of input work with output work 



05-Core-20R 



Gives examples of electrical energy's being changed into kinetic energy 



05-Core-22R 



Recognizes the characteristics of energy 



07-Core9R 



Uses the electrpparticle model to explain how energy gets to components of an electri 



circuit 



07-Core-14R 



States the reason for connecting an ammeter in series 
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' Uses the electroparticle model to explain how an ammeter should be cannected,/ 



The student applies the assumption of the electroparticle model that an ammeter 
counts all the electroparticles flowinj^ through'the circuit. 

Student Action: Responding to the effect that only in a series connection will all 
the electroparticles pass through the ammeter. 

Performance Check A: To measure the current flowing through a circuit, you must 
connect an ammeter in series with the circuit rather than parallel to it. Use the elec- 
troparticle model to explain why. 

Remediation: (1) Refer to Remediation 07-<"ore-24 or suggest that the student re- 
view page 192 and FMgure 15-5. (2) Check his response to question 15-9. (3) A dis- 
cussion of Figure 15-5, which shows a bulb and an ammeter connected in parallel, 
/and connected in scries, may be necessary. (4) Ask the .^ident to rccheck his an- 
swer'to Self-hvaluation Check 15-3. 
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States the way a voltmeter should be connected in a circuit. 

The student recalls that a voltmeter should be connected in parallel with a compo- 
nent of a circuit to measure the voltage available to it. 

.V 

Student Action: Respojuling that the voltmeter should be connected in parallel to 
th(t component. .> 

Performance Check A: Suppose you need to measure the voltage available to a mo- 
tor in a circuit. llOw should the voltmeter be connected, into the circmt? If you 
wish, you may use-a^'diagram as part of your answer. 

Remediation: (I ) Have the student review Activity 15-18, in which he measured the 
voltage of the bulb, and his response to Self-lwaluation Check 15-1. (2) Discuss 
Activity with the student, and ask hin) for the reason this activity failed to give 
a torretl readiitg.on the I'ncter scales. Also ask him how he would change the setup 
to get meter scale readings. (3) Check his response to (|uestions 16-6 thro.ugh 16-K 
(4) Have the student review I'igure !()-! and discuss it with you. 

^ , ^ . . ^ H 

State?; the procedure for detecting and measuring voltage in a circuit. 

I he student applies the procedures to detect voltage ( I ) connects the terminals of 
an electricity measurer (voltmeter) to the two terminals of the device and (2) notes 
whether the meter pointer moves when current is flowhig in the circuit, whicli is the 
sign that theie is voltage atid the procedure to measure voltage which simply* in- 
volves reading the value (^4n the voltmeter scale indicated after the upward swing of 
the poiiUer. 

Student Action: Kespoi uliiig with the effect of the procedures above and indicating 
terminals B and C as tlie points to which the vollineter should Ue connected.. 



Performance Check A: Study the circuit *below. Describe how yo\x could detect and 
measure voltage at the bulb when the switch is closed. Name any other piece of 
equipment you would - need. Tell which letters on the diagram show ti>e places 
where the equipment should, be connected.. 

- ■ * ^ 




Remediation: (1) Discuss the item with the student. What piece ot ISCS equipment 
is used to measure voltage? Which object in the circuit are you to measure the vol- 
tage across? Therefore, where must you place the voltmeter? How would you know 
^ if you were measuring any voltage at all? How would you measure the amount of 
voltage? How did you measure the amount of voltage in Chapter 15? (2) Suggest 
that the student review his rasponsc to Self-Evaluation Check 1 5-5b. 



Designates a meter^s use as an ai'nmeter o|- a voj^eter from its connection within a 
circuit. ^ • 

The student. identifies from given circuit diagrams the electricity measurer (or jneter) 
connected in series as an ammeter 4,nd the electricity measurer (or meter) connected 
in parallel as a voltmeter. . - 

Student Action: Selecting the function of the meter and the type of circuitry with 
which thqy are connected to the main cftcuit. 

A: 1 . parallel, voUmeter; 2. series, ammeter 

B: I. series, Jtnmeter; 2. parallel, voltmeter ^ 

C: I . series, ammeter; 2. parallel, voltmeter . 
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\PerfornianceCheck A: In the diagrSm below, the meters are correctly connected to 
measure current and voltage. Decide for yourself hpw each meter is connected and 
whether it is an ammeter or a voltmeter^ Then, record on your answer sheet the 
words in parentheses that best complete the statements below. - 

1. Meter X is connected in (series, parallel) with the light bulb. Therefore, 
Meter X is (an ammeter, a voltmeter). ^ 
.. 2. Since Meter Y is connected in (series, parallel) with the light bulb, it is 
(an ammeter, a voltmeter). 

ff- N 



mmeier, a vor 



Switch 



Bulb 



>npr- 




Battery , 




Meter X 



Meter* Y 



Remediation: (1) If the student does nof recall the difference between series and 
parallel circuits, have him review page 155 in Chapter 13. (2) If the student does 
not recall that an ammeter must be connected in series, see the Remediation for 
Ot^Core-24. (3) If the student does not realize that a voltmeter must be connected 
in parallel with a circuit, suggest that he review Activity 15-18. (4) You may also 
wish to discuss Activity 1 6-4 and ask the student why he failed to get both meters to 
move in this activity. (5) Sec the Remediation for 08-Core-2. (6) Ask the student 
to recheck liiji response to Self-Evaluation Check 1 5-1 . 



Calculates electrical enqrgy from given data. ' * 

The student applies the rules for calculating electrical energy - electrical energy 
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equals voltage times amperage times time. 

Student 'Action: Calculating the energy and expressing the answer in newtonmeters. 
A: 1 2 newton-meters 
B: 50 newton meters 
C: 52 newton meters 

Performance Check A: A light bulb receives 0.2 amperes and 6 volts for 10 seconds. 
Find the total eleqtrical energy received by the bulb. Show your work, and use the 
correct units. t 



Remediation: (1) Refer the student to page 216 where the formula for electrical 
energy is introduced. (2) Check his responses to questions 16-16 and 16-17 and 
Tables 16-1 and 16-2. You may wish to discuss these tables with him. (3) Reassess, 
using an alternate check or ask the student to reassess himself with Self-Evaluation 
Checks 16- la, 16- lb; and 17-4. 



• Selects the formula for calci^lating electrical energy in a direct cqrrent circuit. 

The student classifies volts times amperes times time as" Jhe formula for calculating 
electrical energy. ' I 

Student Action: Selecting the entry "volts times amperes times time." 

' A: c • . ^ ■ 
B: a . ' ■ 

C: .jd . • • :■ 

Performance Check A: Choose the correct answer below. What is the formula for 
ojlculating the total electrical energy supplied in a given circuit? 

a. Volts plus amperes divided by time 

b. Volts minus amperes plus time 

c. Volts times amperes times time 

d. Volts divided by amperes times time 

Remediation: See the Remediation for 08-Core-lO. 
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States variables needed to calculate electrical energy. 

The student recalls the variables that must be measured to determine the tot^l 
amount of electrical energy delivered to the components of the circuit. 

Student Action: Stating the variables as current (or amperes), battery voltage (or 
volts), and time (or seconds). 

\ •■ ' 

Performance Check A: Below is a diagram of a complete circuit in which a hulb is 
lit. What three viyiables must you measure to determine the total amount of elec- 
trical energy that^jlhe bulb receives? 
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Battery 

Iflll; 



Switch 




Bulb 



Remediatlbn: See the Remediation for OS-Core- 10. 




Measures appropriate quantities and calculates electrical energy. ^ 

The student applies the riiles for connecting a voltmeter and an ammeter and for 
calculating the ele<Hrical energ|{^ supplied to one component in a parallel circuit using 
the formula voltage times amperes times time equals electrical energy., 

Regular S^upplies: 1 electricity measurer 

X 1 kg mass with voltmeter and ammeter scales attached 

2 test leads 
1 timer 



Special Preparations: Construct three circuits, and store them i|j boxes lal^eled 
D8-Core-8A, 08-Core-8B, and 08-Core-8C. The circuit 'for 08-Core-8A is as illus- 
trated below. For 08-Core-8B and 08-Core-8Q replace Bulb 2 with a motor. 



Battery 



Bulb 2 




Switch 



Student Action: Reporting the measurements and the calculations within the range 
of ±1 ne^wton meter by using the electricity measurer and timer and measuring the 
voltage, amperage, and time. 

Teacher's Note: Because the student's battery can become discharged quickly, you 
may wish to observe the student to.be sure that he uses the correct procedures and 
that he reads his meter correctly the first time he attempts it.^ 

Performance Check A: Get the assembled circuit in box*'08-Core-8A, an electricity 
measurer, a timer, voltmeterand ammeter scales, and two test leads. Disconnect the 
battery, charge it, and replace'it in the circuit. Measure how much electrical energy 
is supplied to one of the bulbs in the circuit in a fifteen-second period. Re|X)rt your 
measurements and calculations. ^ 

Remediation: (1) Ask the student how he would measure electrical energy. What 
pieces of equipment will he need? How should he connect this equipment? If the 
student can answer these questions, ask him to construct the circuit asked for in the 
check and connect it both wit*li the ammeter and the voltmeter, (2) If the student 
can't answer these questions, refer him to Activity 16-5 and discuss it with him. 
How did he measure electrical energy in this activity? What pieces of t^quipment did 
he use? How were they connected? (3) If the student has difficulty in calculating 
electrical energy, suggest that he review page 216. Check his response to questions 
16-16 and 16-17 and to Tables 16-1 and 16-2. (4)^ You may wi.sli to suggest that the 
student check his response to Self-livaluation Checks 16-la and 16-1 b. 
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States the advantages in recofding observations as numbers. 

The' student recalls that numerical information aids in precise, unambiguous com- 
munication and in data analysis. 

Student Action: Responding to the effect of those^two notions. 
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Performance Check A: Dr. Blades sent his students to the Everglades to collect data 
about birds.' Jim and Pat were to collect data on species of birds. Their observations 
are shown in the chart below. 
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Student 


No. of 
, J^irds 


No. of 
Nests , 


Eggs 
per Nest 


Food per Bird 


No. of Birds 
in Flock 


Jim 


565 


300 


2 to 4 


about 1 lb of 
insects per day 


4 to 6 


Pat 


lots 


lots' ■ 


average 


lots of insects 


small 



For what two reasons do scientists prefer the kinds of observations Jim made? 

Remediation: (1) Discuss with the student the observations made in the chart. Ask 
* him what the words lots, many, small, and few tell us. When we say lots, do we 
mean 90 out of 100 or 800 out of 1000? Therefore, why do scientists prefer to use 
numbers to communicate observations? 




Selects examples of electricity doing observable work. 

The student classirieK situations in which electricity does observable wOrk.on tht? 
basis of evidence of/a force being applied through a distance because of the applica- 
tion of electrical en^^rgy' 

Student Action: Selecting those examples in which electricity does observable work. 
A: b, d, e 

B: b, c, e • ^ 

C: a, c, e 

Performance Check A: Electricity is used to do many things. From the list below, < 
select only those situations in which plectrical energy does work which you can ac- 
tually observe. Electrical energy ^ " * ' 

a. heats a burner on art electric stove. 

b. operates a mixer. 

c. operates a radio. ^ ^ 

d. operates a fan. 

e. operates an electric lawn mower. , 

Remediation: (1) Ask the student what observable work is. if the student cannot 
anIWer this question, refer liim to Chapter 5 and ask him to give an example of an 
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activity in which observable work is being done. (2) Stress the question, "How is 
observable work done in this activity?** (3) Suggest that the student redo the check 
after Ve has a good understanding of observable work. (4) Look at.Self-Evaluation 
Checks 16-3a and 1.6-3jp. v 
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Connects a voltmeter and measures voltage acToss both paraHel and series circuits. 

The student applies both the ryle that a voltmeter should be connected in parallel 
with circuit element and the rule for measuring voltage across a circuit, ; 



Rdgu^^r Supplies: 1 2 te^t lea^s 
2 switches ^^ 
2 student batteries * 



6 bulbs and siockets • 

4 motors , \ 

1 electricity nveasurer (vojtmeter) 



Student Action: Installing the voltmeter in parallel to the circuits and reporting the 
voltage across each circuit correctly to within ±1 volt/ 
■ . - ■ " , . ' ■ ♦ 

Teacher's Note: You or someone you designate is needed to check that the student 
has constructed the circuits correctly, installed his meter correctly, charged his bat- 
tery, and measured the voltage properly. ' ' 

Performance Check A: The diagrams below are of two electrical Circuits labeled 
Circuits A and B. Get a voltmeter and the materials to construct the circuits. After 
constructing the circuits as shown, measure the voltage across each entire circuit. 
Record the voltage, and show your setup to your tciacher Be sure your battery is 
charged before you make your measurements.^ 



Circuit A 




Battery 



Switch 



Circuit B 




Battery 



Switch 



Remediation: ( 1 ) Does the student know^how to connect a voltnieter into a circuit? 
If not, see tlie Remediation for 08-t'ore-2. (2) If the student kiows that the volt- 
meter must be connectdH in parallel but does not know how to n|ake the(:onnection 
in the circuit, discuss Activity 15-18 with him. Then suggest, that he substitute the 
two or three bulbs or motors as illustrated m the.cjiecks in place of the one bulb 
sliown in the text. (3) Have him construct the circuits and 'measure his voltage^^ 



Explains why" the total resistance of a series circuit is greater than that of a parallel 
circuit of ideritical resistors. ^ 



The student applies the (joncepts that thexurrcnt must Jlow through all the resistors 
in a series circuit, ^yherea8'parts of the current flow through each of several independ- 
ent paths within a parallel circuit. , 

Student Action: Responding , that the circuit wi^h the resistors in series has more 
total resistance than the circuit with the resistors in parallel because in a series cir- 
'cuit the current must How through all resistors, whereas. parts of the current Hovv 
Ihrough each of several independent paths in the parallel circuit. 

« ' • • . . * 

Performance Check A>: Circuits A and B are shown below. Each contains one ISCS' 
battery and four resistors connected by test leads. However, .Circuit- A has more 
notal resi.stance to current 41ow than Circuit B. All of the resistors in. both circuits 
are the .siame. Why doesCirciiit A have more total resistance than Circuit B? . . 
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Circuit A 



Circuit B 



■ 41 II U 



Resistor 







—J 











Battery 



Switch 



Switch 



V 

Remediation: ( I ) Does the student recall the difference between a serie;; and a" paral- 
lel circuit? If not. refer him to page I 55, 1-igures 13-2 and 13-3, or to l-xcursipn 2U. 
(2^ Suggest that . the student review page 157 where /he concept of resistance -was 
introdaiced. (3) Discuss Figure 13^ with the student. Ask him what happens to 
the brightness of the bulbs (to the resistance) when more bulbs are added in a series 
circuit. \A) (*heck his response to questions, 1 3-9 and 13-10. (5) Why would the 
bulb.s. be^of the same brightness in a parallel circuit? (6) At this point, the discu.s- 
sion can return to the check in question. How are t'he bulbs similar to the resistors 
in the checks? ,Why does Circuit A have..mdre resistance to How than Circuit B? 
(7) Suggest that the studiint check his responses to Self-Evaluation Checks 1 5-3 and 
1 5-7 for review. ' 



Selects characteristics of parallel and series circuits constructed from the same com- 
. |x)tient.s. 

■ . . ■ (' 

The .student cbs sifies multiple-resistor circuits according to the flow of current 

through the resi.stors and the total resistance to current flow. 
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^^^^^^^^ Student Action: 'Selecting alternatives which intjicate (l)4hat in the series circuit, 

i . ijljpl™ current flows through all resistors one after another and (2) that, the tot^l resist- 
^l^ViiF ■' ance to current flow is greater in the series cijrcuit. 

if\ I ' A, B, andC- 1 . AH resistors one after another, 2. Greater than ' ' 

I V/ Performance Checl!^ A: Circuit A and Circuit B below both have identical eompo. 

' nents, but th»y are connected differently. Select tKe phrases in parentheses wjiich 
- , best complete the sentences. _ ■■ , / 

1. In Circuit A, the current ^flows through (eUch resistor by a separate path, 
all resistors oncafter^^other). ^ " 

2. In Circuit A, the total resistance to current flow is (lesi than,' greater 
than) the cirrreht flow in Circuit B. 



Battery 
I 



in 



Circuit A 




— cm— 

•Resistor 




■C3D— 



Switch 




Circuit B 



Switch ' 



Remediation: See the related Remediation for 08-Core-l 2. 
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Proposes an operational definition for the energy of a bktery, using specified equip- 
ment. . V' . f 

The student generates a procedure for detecting the energy of a battery, based on an ' 

example of a battery-motor-sinker system, 
♦ 

Student Action: Stating im operational definition which includes the detection of 
enofgy by observing the work it does (or the movement of the sinkers) and meas-^ 
uring either. (1) the total distance that the battery (motor) lifts a fixed number of 
sinkers before it stops lifting or (2) tjie number of sinkers the battefy (motor) can' 
lift a specified distance. , ^ . 



1 «■ 



^ v .."1 : . 

Pe^ormance Check A: Operationally dQfint bat tef.y energy, \i^ivi^ th& .fjquipment 

shown below. (Hint: Remember thatWo£^i^ti^^ ; , 

tions.) • . . r- r-n « 




-.1 



String 



• Remediation: ( 1 ) .Db.csnhe,^tudent rccalf what 'ah.:(^perationai definition is? Jf not, 
sugge'st that he review, the key questions to ask V/hen building an .eperatioii^l (J^t5- * 



%pnition, found on page -23. ,(2) When the student lip&a'clejIfwidefstdndmg.otVoper^^ ^ 
-tfonal definitions, -i^ if 1^ can Ijuiidrdn^ ^or^the energy ^ the battery, using the , 
two kcy;-qQestioriS; • (S) If he stiVl has difficulty refer-hini to page 14; where the- ■ 
« thrci; •operational defwiitigns for the influence p5r;«ie'>iatery a^ Ask 
: .- iiihi how.' each of these t^^^^ t^vo key questions , ^ 

one mus't ask when building an Operatibhai definition. ,(,•;:;'. • " - » 



Selects simple analogies for voi(, ampenT: ahcl electroparticK • ' ' ■ ' 

The student dassifles, ji'VoH, >ah^a^^)ere, and- art electroparticle in terms df a' model • 
which uses the transportation of cann^ gwds'/ . ' .' 

Student A<ifio;n: Matching the number of cans a person could carry with a volt, 'the 
number of cans bd"ng:put dbwn.per.time^ unit with- an aihp^^^ affd the; number oT 
pereons avaiiable to move>ie cam wj^h ah'Clec^^^ ' . , ^< ' 

. A:- .l. c,'?$,b,3.'iJ ■ ' ■ ' v"'--, '\ 

■ B: l.br.^- d,.3;a • ■■ r'.V. ■. 

• .:' C: l.c,2..d,3.a^ .. - " '"^ y ■. -'^ ■ ' ■ . , ' 

•V..:. •• .■■ ,,.•'■4. . . . ■ • ' ;.■ 

Performance Check.A; In the following prbbjem, let qU{|rt cans of oil stand for ener. 

being suppliedTTrom on« location tb aiibther. Affer the numb^er of each'questiort- ;;. 
writc thc letter of the statement below which answers it'best. '^' , - • . 
Imagine that a large nun^ber of quart cans of. Number 30 motor oM are to be t'e- 
rii.c>V=ed frpni a warehouse and stacke'd iiVa truck outside the warehouse. , - 
l!,. Which p9rt of the operation.is most like an 
2. Which par^ of the operation is .tiiost like a'V.lt? ' • 

•3 Which part of the operation is most like an ampere?, • : , ' . « , \ 
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. 7^ ♦ • V. • Th<^ nuiulx^r of cd[rtsa*^^^ ^ 

^ . r The nuniH?cT'pt/p.crsons availablj^ to move the uanK ^ - * \J, 

\. -ilt T;lic quality ol the oil^ ' " " ; vv t^;^ 

/c. Th<i nuirtbcrx)f calls put on the truck per hoar- . • T 

- ■ • /. ■ •• ■ * ^ ■ • ^ ■ ■ * 

fiemediation: ( I ) Check ihe. student's answers to questions 34-8 and J4-^. (2) Sug- 
•ge^t that he'KeView page 1 88 where the tenii ampere is first introdua^d. (3) Suggest 
: that he reyi'ew page .19!^ .where the term volt is introduced. , 

• . Selects variaWes determining tlie electrical power received by a bulb. 

Tile; sfuUent apt^ies the principle that^ electrical power is a function of the voltage 
and the current. ^ ^ ' ^ ' - ■ 

Student Action: Se lec-Jing those items whicii iitclude current or voltage or both.. 

a, b 7 ' ^ ■ ' \ 

C: d,r ' • . 

Performance Check A: l^here is a floor lamp ne^xt to Iggy's favorite reading chair. 

• ^ . Rcyprd the letters of all of, the variables in the list below, which affect the power 
received by the bulb vyhen it is turlicd on. 

; . a. 'rhe voltage reading aV'lhe'lamp is rCO volts. , 
* . b. The current flowing throiigh the laltip iK one ampere. 
* c. rho'bi4lbTeleases-20 calories of heat peft miimte*. 
• d, IMie bulb is'a S(^ft"White bulb. 

e. TJiere are two other lighted- 1 00-watt bulbs ii) the Voom. 

f. I'he biiib has just bt^en turited off after burning for two hours. 

Remediation: ( I ) Chcclt^ the answer to question 35-8. (2> If the concept of jx)wer 

• • is ngt clear, check the answers to questions 35-3. 35-4, and 35-5. 

■ a I ^ ■■ ' ^ * 
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Measures voltage'aiKraOiperage and calculates the pow^*r in a circuit. 

1he student applies the rules that voltineters ar^^ connected in parallel to ^•circuit, 
' .that ainiueter^v are coniieete<J in series to the circuit, and that power is the product of 
. vollage tiiiicKamperage, ?, ^ \ 

* Regular $upt)iie$\ KISC S battery 2 motors 

' ' / . . 7 test leads 2 assembled electricity measurers 

\ \ 3 bulbs • .1 switch 

Student Afcfion: Mt;asuring the voltage to within .t I volt and the amperage to within 
^ .♦()T2'ainpepcs,and.cak ;ulati ng Ihe power correctly from his measurements. 

. Teacher's Note; Youjor a person designated by you, will need to check the student's 
setup.4)ind prc^ijiedures for di;igno^tic purposes. 



-Performance Check A: Set up the circuit shown in the diagram. Be sure you use a- 
freshly charged battery. Then connect one electricity measurer as an ammeter and 
the other as a voltmeter to measure the current tlow and voltage of this circuit. Cal- 
culate the power of tiie ci/cuit. Record your answer, aod show it to your teacher 
before you dismantle your setup. . ^ |^ 




battery 



Bulb 



Remediation: (I) If tiie student iiooked |ip tiie circuits correct ly but did not know 
how to calculate {X)wer, see the Remediation for OK-Exc 35- 1 ; H) If he had difficility 
connecting the electricity measurer, refer to tiie Remediation for Q8-Cbre-4 and tiiat 
for 08-Core-l I . • V 



lixplains, using the electroparticle moifel, v^liy resistance does not vary with voltage 
ancf current. \ 

The student applies the electroparticle model to explain that the resistance of wires 
of the same kiiursi/e, and length is the same when the voltage and the clirrent'both 
ijicrea.se. 

Student Action: Responding that the number of electroparticles passing through the 
wire increases and' the -energy of each electroparticle also iijcreases, causing no change 
in the voltage-current ratio. '/ 

Performance Check A: The wires in l essie the Tumbling Doll are all made of the 
}iiuw. thickness of copper. The resistance of the wire is 3.ohms when the voltage is 
<) volts and the current ivS 3 amps. A different model of Tcssie is identical except that 
more batteries are required, tluls producing niore voltage and current. 'What. would 
you expect the resistance of the wire to be in this version of Tessie. more than, 
equal to, or less tliaii 3 ohms? lix plain ymir an.swer, using the electroparticle model. 

Remediation: ( I ) Check the student-s answer to question 36-5. ( 2) If the concept is 
not clear to hinu discu.ss Activity 36-1 with him. 
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1 ells whaj^iappens if que magijet in a\studen,t ijiotor is reverstxl 
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The student ap pjies the'eoneept that the N-porle gf one magnet and the S-pole of the 
other (or one taped end andioVl^sul^a]^ed end) must be positioned near the coils to 
attract and repel the mafor arm so that it is under ^constant magnetic force and re- 
volves. 

Special Preparation: Obtain one student-built motor and place it iA a box labeled 
08-Exc37-l. ' ^ 

Student Action: Responding that the motor will not make a complete revolution 
because reversing orie of the magnets will cause that magnet to repel the motor arm 
coming toward it and attract the motor arm moving away from it. 

Performance Check A: Get the box li^i^led 08-Exc 37-1. What will happen if the 
taped nlagnot is turned so that its taped end is away from the coil? Explain your 
answer. 

Remediation: Suggest that the student review questions 37^7 through 37-10 and the 
parajy^aph that follows on pages 492 and 493 of Excursion 37. 

I * ■■ ■ . . — _ — . 

Describts an experiment to determine the work done. \ 

The student applies the principle that work is calculated by multiplying |orce times 
the distance the force is applied. 

Student Action: Re.spcMidin g to the effect that he would make measurements of 
force and distance to calculale the work. f 

Performance Check *A: Phyllis the Physical Fitness Doll has a motor inside her wliich 
causes her to move her arms up and down, lifting.a weight. Describe what you w^juld 
need to know in order to determine how much work the toy's motor can do in two 
minutes. *^ 



Remediation: (I) Determine if the student has eonsidered using an instrument to 
measure. tbree and an instrument to measure distance. (2) Discuss with the student 
the procedure he wilttollow in order to obtain his measurements. ^ 



Recognizes factors making a scientific task easier. 

The student identifies those factors which make his scientific task easier than that of 

■ — • 

"explorers. 

» 

Student Action: Stating the notion of at least one of the followiirg factors activi- 
ties that have been pretested to be sure they ar'c'safe, safety tips, experimental de- 
signs written out for him, equipment that is avjiilable, models that have been sug- 
gested, and the accumulated body of scientific knowledge as factors which make 
iiis scientific task easier. • . ^ , ' 

Performance Check A: In Hxcurtion 39, you>ere told. "You have learned about 
electricity from activities like the ones in th*! textbook without loo much trouble. 
It was the explorers who had a hard time." What helps have you had that the ex- 
plorers did not have which makes your learning about electricity easier than tJieirs? 
You may refer to lixcursion 39 to answer the question. 

Remediation: Discuss one of the examples given in Hxcursion 39 to elicit the lack 
of or adva|ta{;;t>s of these factors in the work of the scientists. 
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Chapters 18 and 19 



Excursions 40 thru 



Performance Check 
Summary Table 



J 1 

Objective Number 


V/UJOVllVU L/OSviipilUil • 


09-Core-1 


» 


f 7 ; ^ 

Fills an air piston with a specified amount of water 


''09-Core-2 ' 


Indicates the correct volume of liqufd in an air piston 


09-Core-3 , 


Relates temperature increases to volume change 


09-Core-4 


Selects the material most sensitive to temperature change- 

k 2 O 


09 Core-5 


Explains why different standards for scales are possible 


09-Core-6 


Recognizes situations requiring standard units of measurement 


09Core7 


Names the standard unit used by scientists and in ISCS for measuring temperature 


. 09 Core-8 


States the significance of O^'Cand lOO'^C 


r- — — 

U)9-Core-9 


Measures the temperature of a substance in Celsius units 

^ _ — . ^ 


— ■ '■ ' 

dp Core- 10 


Describes how a liquid thermometer works 1 


09-Core-11 


Explains why heating ia jar lid causes it to loosefr"'^ 


09-Core 12 

V 


Gives an operational definition for the change in the heat content of liquid water 


09-Core- 13 


Calculates the calories required to change the temperature a given number of degrees Celsius 


09 Core- 14 ^ 

■ / 


; Relates the amount of heating to the amount of water heated and to the temperature 




1 - 


^change " 


09-Core>lB 


States what a thermometer measures ^ 

1 ^ ' ^ 1 .1 1 


' 09 Core- 


6 


Selects the standard unit used in ISCS for measuring heat 

1 ^ . ^ ^ 


09 Core 1 




Lists properties of heat which support the heat substance model 

r ^ — " ^ - ■ ' ' ' ' ' ' ' ' 



\ 





Materials . 


, Observer 


Special Preparations 


Quick, Score 


3 Minutes 


Basal 


Math 


Reading 


Concept' 

• 


Action Verbs 


• 1 

1 




M 
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manipM^ates 






M 
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a 












..manipulates. 


~ — 1 
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y rftcalls ^ 

i --^ - 


* 1 






• 




Q - 












applies 


• 1 

— — — — 






















applies 


— : — . — 
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applies 


— — '■ 
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recalls 
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recalls 


^ 

\» 
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manipulates 
























recalls 
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1 generates 


~ — ' — — n 
— — 
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1 recalls 
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1 % 






1 applies 


— ' — 

^ ■ \ 


































Q 

<> 
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1 applies 


f 1 




1 






Q 












1 recalls 


— ] 

. _ 






* 
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1 recalls 
























1 classifies 


• 



7,,- 



Objective Number 


1 — — ^ 
Objective Description 


09-Core-18 


ociculo v/iididLicribiiub UT rK^di cumpdiipic wiin ine n6di*suDstdnc6 model 


OQ-Porp-IQ 


* ' * J ■ 

ut;it;dib dii drgumeni inai coiu, noi neai, tiows Detween oDjects. ^ ^ 


OQ.rorp-90 


nuuuynizcs ine redCiions or metal to neat ana cola 


09-Fkr 40-1 


otjid/is ppuperx-ies wnicn woiiia not ue aesiraoie in a liquia to De used in a thermometer 


OQ-Pvr 41-1 


LfOmpares aegrees i^eisius to degrees ranrenneit 


nQ-Fvr 49-1 


ueiif les caioriG in terms or water 


OQ-f xr 4'^-1 


k^ompares me caiories tne Doay needs in cold weather to those it needs in warm weather 


nQ-Fxr44-1 


neidies speciTic neai to temperature cnange 


01 "Core- 14 thru 17R 


(Arithmetic skilK) 


01 -Core- 18 thru 22 R 


1 ^-^ ^ : 

(Student's rflinonsihilities) 


02-Core2R 


Exolains the need for standard units for measurement 

■Mfll«« II V*\> VI 1 1 IVl \A 1 VI M III 1 III \4U W Vl IwlllWllL 


02-Core-20R 


Recoanlzes that a nart !<» mi<5<5inQ on mpa<5urina in<5trumflnt<5 

^ / : . \ 


02-Core-23R 


Rememhpr<5 pharaptpri<5tip<5 of ^ ^stanHarH for mfifl<:iirpmpnt 


03-Core-21R 


Predicts data from a graph \ 


07-Core-l R 


Selects a statepient as not characteristic of a scientific model ... 


07-Core-3l5l 


• 

States two things done by a good scientific model 


08 Core-9R 


— -r- — ' ' — : • •■ 

States the advantages in recording observations as. numbers . < 




r-^ — ^ ■ ■ 

1 : _ - 



Core 
1 



09 
Core 
2 



Fills an air piston with a specified amount of water« . ^ . 

i' t 

The student manipulates the air piston in such a way as to fill it with a specified 
amount of water. 

Regular Supplies: 1 air piston 
water 

Student Action: Inserting the tip of the piston into the water and moving the 
plunger so that its front edge is on the specified mark (±0.1 unit) and the chamber 
is co^ipletely filled with water and contains no air bubbles. 

Teacher's Note: You or someone designated by you will need to be available to 
check each student's performance. < 

« 

Performance Check A: Fill the air piston with water to the 2.0 cc mark. Then show 
the air piston to your teacher. 

Remediation: Have the student practice using the air piston. Direct him to fill the 
air piston with water to different points you designate. Have him show you his pro- 
cedure, and help him if difficulty arises. ,, 

Indicates the correct volume of liquid in an air piston. 

The student manipulates a partjy-niled air piston to read its scale. 

Sfiecial Preparations: Partly fill one 6.0 ccair piston with liquid, and put a. cap over 
the end to prevent the liquid from accidently being spilled. Place it in a box labeled 
09-(ore-2, , * . 

Student Action: Reporting the volume of liquid in the air piston-aeetmrtely-la v^^th- 
in ±0.1 cc. ' I* ^ 

Performance Check A: Box {)9-Corc-2 contains an air. piston partly filled with a 
liquid. Look at the air piston, and record the volume of liquid in it. \ 
I . 

Remediation: (1) If the student doesn't know -how to use an air piston, see the 
Remediation for OWore-1 : (2) If he doesn't know how to read the scale on the air 
piston to the nearest 0,1 cc, suggest that he do or review Excursion 6, from which he 
will get practice in reading scales. 
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Relates temperature inereases to volume change. 



_ I'he student fecalls that increiase in the volume of a substance is generally coincL- 

— ^ dent with a temperature increase. 

Core 



7S 



^' .u. 



Student Action; Selecting the optiQ.n which indicates that the volume increases. 
A: a ^ I ■ 

B: b , ' • 
^ C: d. •■ "' 

Performance Check A: Which of the following will result' from increasing the tem- 
perature of water? . ' " 

a. The volume of the water increases. ' . 

b. The mass of the water changes. 

c. The water glows. • ' 

d. The water changes to iodine.- ' ' ' ' '■ ^ 

Remediation: (1) Suggest that the student review page 236 where he proved that 
adding heat to water increased Its volume.-. (2) CheckTable 18-1 and his responses 
to questions 18-6 imd 18-7. (3) If necessiiry, discuss this activity with him. What 
happened to the' water inside the air piston wheu^jt^was heated? Did this alSiO hap- 
l^en when another liquid was substituted in Tabic 1-8-2? 
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Selects the material most sensitive to tem|xjrature change. 

The student applies the concept that a gas has a greater increase in volume when 
lieated than a; solid or a liquid. , , 

Student Action: Selecting the gas as the best-expanding substance. 
A: a 

B: c . * ' • . 

C: d ,. , 

Performance Check A: A company needs to design a device which will show very 
tiny changes in temperature and will have the temperature marks on the scale widely 
spaced. -If you had to build such a device, what would you ujje for the- expanding 
substance in it? ^ ; , . .' 

ii\ Carbon diox i'dc ' .. * . V 

b. Water .. " " . - ' . * 

roil . . - 

d. Plastic * . . ■ ^ 

Remediation: (I) Ask the student which substance shows the greatest expansion • 
when heated a solid, liquid, or gas. If the student can't answer this question, refer • 
him to pages 236 and 237 and Tables 18-1 and 18-2. (2) Ask the student What is 
iisked for. If he fails to see that what is wanted is the most expansive substance, dis- 
cuss the item with him. Which substance would allow there to be wide spaces be- ^ 
1 tween each temperature mark to indicate small changes in temperature? If ne*;essary, 
use the diagram below. . ^ / 

\ I : ^ 





70° 71° 72 
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Explains why different standards fpr ftbales.j^e possible. ' 

The student applies the concept that it is possible to have different scales based on 
different defmitiwis to measure the same phenomenon. • ^ 

Student Action: Respon ding toahe effect that it is possible to measure the same 
. phenomenon with different scales based indifferent definitions. 

Perforniance-Check A:. As shown below, a Fahrenheit and a Celsius thermometer 
scale "have different numbers to indicate the freezing point of water. Explain why 
the freezing point can represented by two different numbers. 





Freezing point 



Remediation: (1) You may wish to discuss the characteristics of good standards of 
measurement with the student., these were introduced at the end of Chapter 3. 
(2) Do the Celsius and Fahrenheit scales both satisfy the characteristics of good 
standards of measurement? Have people agreed to use them? (3) Can he recall other 
differing scales which are used to measure phenomenon? You might discuss the 
centimeter-inch and gram-pound scales. 



Recognizes situations requiring standard units of measurement. 

1 he student applies the rule that to be standard, the units of measurement must be 
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agreed upon. ^ 

Student Action: Responding to the effect that a standard or an agreed-upon unit of 
measurement is necessary. 



ERIC 



^'0 



Performance Check A: Mrs. Collins went to the store to buy a piece of rope. She 
wanted 40 pinkies (40'Uttle-finger lengths) of the rope. A young clerk measured the 
. rope inth her pinkie. When Mrs. Collins measured the rope,using her own pinkie, 
it measured only 38 pinkies. Feelihg that she had been cheated by the clerk who 
measured the rope, she went to the manager of the store and complainedr. What is 
necessary to avoid such confusion in the fu.ture? , 

Remediation: (1) Is the body part d standard unit of measurement? What are the 
characteristics for a good standard of measurement? (If the student does not recall 
thesCi suggest that he review the end of Chapter 3, ll^ginning at page 30.) Is the body 
part, therefore, a good unit of measurement? Why not? (2) What would have to be 
done to avoid the kind of confusion described in the check? 



Names the standard unit used by scientists and in ISCS for measuring temperature. 

The student recalls the degree Celsius as the standard unit used by scientists and ia 
ISCS for .measuring temperature. 

Student Action; Naming "degree Celsius." ' . . ' 

Performance Check A; What is the standard unit used by scientists and ih ISCS for 
measuring temperature? ^ 

Remediation: Suggest that the student review page 241 where the degree Celsius 
unit is introduced. 
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States the significance of 0°Ct and 1 00°C. 

The student recalls that at 0°C, water freezes and at 100°C, water boils. 

« . O 

Student Attio^: Stating that at 0°g, water freezes and at 100°C, water boils. , 

Teacher's Note: This objective assumes sea level pressure. In some locations, stu- 
dents will find that water boils at a lower temperature, as the boiling point of water 
decreases roughly at the rate of TC per 1000 feet of elevation. Thus at Denver, 
Colorado, water will boil at 95°C. The freezing point'of water also varies with pres- 
sure changes, but the variation is too insignificant to affect the question. You mHy 
' want to adjust this performance check to fit your location. 

Performance Check A: What happens to water when its temperature registers 0*^C 
. and when its" temperature;, registers 100°C on the tj^ermometer shown below? 
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Remediation: ( 1 ) If the student cannot ;inswer this question, suggest that he review 
4)age 241, where the Celsius scale is introduced. (2) You may also wish \^im to redo 
' Activities 18-6 and I 8-7, page ^39, y^lth the Celsius scale he has constructed., to provQ^ 
to himself what the temperature registers on this scale at the boiling and freezing 
^ points of water 



Measures the tehiperature of a substance in Celsius units. 




The stu^Jent mapipula^es the thermometer to find the temperature of a^ substance. 

Regular Supplies: 1 Celsius thermometer 

1 bealcer ' . ' . - - 

coppet sulfate solution 

water - % 

Student Action: Reporting the teniperattire of the liquid to the teacher within an 
accuracy of ±1.0 scale inteh^ai ^ - 

Teacher's WoteT The correct temperature should be ^ecoyded at the time the stu- 
dent takes the therijiomgter reading. Tliis means tluit you or someone you designate 
will need to be available when the student does this cheeky • 

Parformance Check *A: Get a beaker of water and measure its temperature. Report 
tag temperature to your teacher. . 

Remediation: ( I ) Have tht student redo the activity while you watch. Help him use 
the thermometer, if necessary. If he still has difficulty manipulating it, have him 
practice by taking different temperature readings you cl^f^signate. (2) If the student 
has difficulty reading the scale to ±1.0 $cale interVal, suggest that he do or review 
Hxcursion 6. (3) You may also refer him to Self-EvaJiuition Check 18-3 for review. 



■ 4 ' •■ 



lixplains why b^iitiiig a jar lid causes it k) looser . : 

• • • J . .- ■ ■ . • . 

"I'ho student goij(^ra^ aij^ cxplanalion bused on the concepts that most sifbstances 
expand when hea fed and that dilTerent substances expand at different rales. 

Student Actton: Rcsjiondiivt? tiic effect that the hot water heated the lid. and 
caused it ioexpand-lTi'sturTiuui the jai' and IhiLs to loo^^^ f • 

PerfprmancaCheck A: Mts. hci<ens ctiyldn'l gel the htKoli. a pie'lle jar. She turned 
the jar upside down aiitl 1owi.*i,cd Vhe lid iirto a pan of hot water. Soon, she was able 
to twist the Ud off easily. Why did heating the lid cause it tp loosen? 

Rdmediatiort: (I) Have the student review /Vftivily 18-3 and Tables 8-1 and 8-2,on 
jxiges' 2-U) and 237. (.2) l)iscuss"lhis activity with him. What happens to utOst .sub- 
st-anees w^cn they"are heated? What happijned to the jar jkl in the chock? Re- 
i;ertiK's|(j|ent loSelf-r-vahuitionC'heck I8-,S. ' ' . & 



GiVes an operational definition for the ehaiige in the heat content of liquid water. 

"Tii^student i^alls that an Operational definition for the cliHUgo in the heat content 
■ •(energy) of li^hitrwaler includes nnilHpiying the iuassf)f tjie walerin gr;ujis by the 
nunibeFofdeaVeesX'elsius<lhaf it's teinperalure changes. _ * 

•Student Aotion: Respond i.ng to the' effect that the change in the heat content is olv 
. laineil by multiplying~l1ieTnass.of the water in grams by the number of degrees 
Celsius that its. temperature cha^Yg^s. " - 

Performpnce Check A: Suppose that you have been given a sample of liquid water 



Describes how a liquid' .tbe.rnionieter.-wqjks; ; ^ • . ^ .•• ; ' ' ' ; . 

The stml.ent Teealls that the Hquiil iji a tlieruxpmeter .e;(pands**as tempOratilrc in-^ 
creases and contracts as temperature deerea.ses. ■ ■ ■ ■ / . ! 

Student Action: Responding to the'effect that the liquid in the thermometer ex- 
•liands as temperatuje increafics and contracts asHemperature- decreases. 

Performance Check A: You have used a. thL'rmom«ter which contains a. liquki in. a 
tube. Describe how it works. • * ' ' ' ' -.^ 

• » ' ■ .. » • " ■ . ■ ■ ■ . • . •" . . 

Remediation: (I) Snggest'lliat the student. ieview Activity 18-5. fhe.t;k.ltis response- 
to questions I 8-8^ 1 8-Q, and 1 8-10,. (2)'lf the student still ha;*drfficulty lindorstiind- 
ing how ;^ thermometer works, discuss the principie with him. What happens to the • 
liquid in the tube -when the. temperature is hyU^^;..ile can try using warm water , Jp- 
llnd out. What' happens.t-o th^liqliid when ll#.(fmpcMytureg^^ He ciiti try • , ,• 

using ice or a I'c^-frigerat^r. to find' out. ,.{-3f Suggest tlgtMhe student review Self-^ . - ' ' • 
I'valuationCheck l«-l. , ' • '. • - - / ^ ^ n 





1 1 
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* wh£^sr mafss you know. You have taken its temperature Ijefore and after heating it. 
/V^fftc aft^p^tional definition for the change in its heat content. 

Remediation: ( 1 ) Refer the student to page 254, where the operational definition 
for the change ifi the heat content of water is stated, and to Self-Evaluatioa Check 
19-5, where he was questioned on the .concept. (2) You may wish to discuss how 
this formula wtfs derived in Chapteij-^^j^sing Table 19-2. and Figure IQ-l and the' 



reL.ed questions. 




Calculates the calori^_s requiredJo ch^^ 
Celsius. 



ftemperature a given nUmber pf degrees 



The student applies the rule that the number of calories required to raise the temper^ 
ature of a maSs of water a given number of degrees Celsius is equal to the product of 
the mass of the wijter in grams times the number of degrees Celsius the temper^iture 
of the^ mass is raised. 

Student Action: Reporting the product correctly in calorie.§, ^ ' , 

A: 250 calories • - 
B: 35.0caloHei> . ^ . 

'C: 1000 calories ' . 

Performance Check A: How many calories are required, to raise 25 grams of water 
from 20^C to 30''C in thr^^ minutes? • ' 

Remediation: (1) Suggest that^the student review page 254 where the caloric is 
introduced and the formula is stated. (2) Refer him tp Self-Evaludtion Check 1^-3 



for revjew. (3) Reassesj^ using an alternate checL^ 
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Relates the amount of heating to the amount of water hpat^ed afid to the tempera- 
ture change. - 

T\\c student applies the concept that the tem'peraturC'of water varies inversely witli 
the amount of water beiny heated when a fixed amount of heat is supplied :in a fixpd 
amount of time. 

« 

Student Action: Selecting the response that represents the roHitionship staged above. 
A: c • ' ' • 

B: a . ' 

C: b ' ' 



ERIC 



Performance Check A: A 100 g sampUi of water was heated for ten minutes. The 
temperature was 25''C higher after heating than before. What would' the tempera- 
ture change be if a 50 g sample of water were heated under the same conditions for 
ten minutes? ' ■ ^ 

■ > ■ • 



a. l2 S"r 

b. 2'5V , 

c. 50°C 



•Remediation: (0 Suggestithat the student review Table- 1 9-2 and Figure If fl in 
which an inverse relationship was,shown between the amount of water being heated 
and the resulting'tempcrature change. (2) Check his responses to items, 19-6, 19-9, . 
iUKl 19-10. (3) It necessary^ discuss this activity with him. As you increased the 
aniounf of'water, what does your grarfi (Figure Dshgw will-happen to the temper- 
' aturo change? if you decrease the iimount ot water, What dpes your'graph show will 
happen to the temperature change? (4) For help in calculating a iiumerical answer, 
\fer him to pages 253 and 254, where it is stated that when a fixfed amount of heat 
• is'a\lded to different quantities of water, the product of the mass and temperature 
changes should be equal. (5) Reassess, using ah alternate check. 



•A 



States what a thermometer measures. • 

.f ■ , ■ . 

"rhe studeiU-recjiljs that a thcriyometer measures- temperature. " . 

!'Student Action; Re.sponcling "tefnperatitr^.'' ; • ^ -. ^ - 
Performance Check A: What does i»i|pKimeter measu^^^^^^^ ■ ' 

Rftmediatfon:. ( I ) Suggest that the ^ffiPPP^eview page 252, especially the last para- 
gniph. (2) Check hisYesponsw to questions 19-6, 19-7, and 19-8. (3) Ypu may wish 
to discuss Activity 19-3 with the student, especially page^252, where he discovered 
that his theritiometer is a teniperature^measurer^%ut^iot a heat measurer. 




Selects the standard unit ascd in ISCS lor measuring heat. 
The student recalls the calorie as a unit in whi^h heat is measured. 



Student Action: Sejectii^ "calorie." 



A: c 
B: a 
C: d 




V.7. 



Performance, Check A: Which of the .following is a standard unit for measuring hc-at? 
' a. temperature f. • . . • 

b. degree . 



S c. calorie 



d..C>;lsiiis '-9; 



\ 



• Remediation: (1) Siigg^-st that the student review page 254. whert? the calorie >yas 
introduced.-- (2) H the stitdent selected "degree, Fa hr^fiheiy^ or "C^elsius,' ypu. 
should, discuss wrt-li tt»n the Concept that alherm'ometer.is a Mrtperature measufcr; 
^n<a W'at measure;;, and .that "tk-grecs Celsius" a^d "dcgi<fces Fhhfenheit" are stand- 
ard iimte for^iieasuriu^t^nitJeftttureN.jj:-.. V.. ' • • .' .V . '•• . . v., 



. _^ ^ .^^^^ '■'^•■^/v.. ..-K 



•>> Off./- 



X* 

. 1 
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Listsipropcrtics of heat which support the heat-sub<>tance model. 

The student, classifies as two observable properties of heat in agreement with the 
heat-substaiite model that heat can be transferred from one object to another and 
that matter expands when heated and contracts when cooled. 

Student Xction: K£S£onding to the effect both that heat can be transferred from 
one object bo another and that things expand when heated and contract when 
cooled. \ " 

Performance Check A: Ou'e model for heat assumes that heat is a substance which 
can now between ol>jects and whose quantity determines the temperature of , ob- 
jects. What are two ob.servable propijrties of heat that support this heat-substance 
model? 

Remediation: (I) Refer the student to ^ages 254 and 255, where the model for 
heat as a substance* was cLeveloped. Check his re.spon.se to questions 1 9-1 5 and 19-16. 
(2) What did you ob.serve aKpiit objects when they/are heated or cooled which could 
be .accounted for by-the adoitioaor .substraction bf the heat substance? (3) What 
was the first activity in which you ob.served whatlcould be described as a heat sub- 
stiTTicc flowing between object.sV What happened ty the temperature of the objects 
inside the air pistons when the pistons were placek into boiling water? Does this 
activity, therefore, .support the heat-substance modeJ is heat .shown to be tran.s-' 
terred from one substahce to another? (4) Refer tW student to Self-Hvaluation 
Check 19-7, where he was questioned about these two pTonerties. 

Selects characteristics ol heat compatible with the heat-substance model: 

r 

o 

The student cla.s. sifies the characteri.stics of heat that are compatible with the heat- 
substance model. 

Student Action: Sek^;tiiig the ,i.;ytries which state that the .substance must take up 
space, have nw.ss, be made 6f tiny particles, and be able to move and no other};. 

A: ' b, c, f, h 
\ B: a, L\ d, h - . 

C: a, b, c, e 

Performance Check A: The diagram shows that the level of water in the test tube 
was at B before the test tube was heated in the beaker of water. After heating, the 
water in the tube rose to level A. 'I'he heat-substance model can explain this. From 
the following li.st, .select the letters of the four statements which support the heat- 
substance explanation of how heat gets from the burner flame into the water in the 
test tube. The heat substance nuist '^'^ 

a. be composed of large particles. f. have mass. 

b. 'be able to move. g. be able to reproduce. 

c. take up space. h. be inade up of tin.y particles. 

d. be pushed. ^ . ' ^ 

e. move as rapidly as light. 




Remediation; (I) Have flic student review pages 254 and 255, where the heat:', 
substance, model is' built. (2) Discuss the correct options with the student, ' If heat 
is a substance, what characteristics must it. have (take up space, have mass)? If heat 
is a substance, it should also be composed of particles small ones, since they are « 
not visible* to us. Cim heat as a substance be t-ransferred from one object to another? 
Therefore, can it movej? .(3) You should discuss with ..the student any incorrect 
choice he has selected. t)o' we have any evidence 'tluU heat moves "as rapidly as 
light" or that heat "can reproduce" or of a force cail^ing'^heat to "be pushed"? ^ 

— ^ '^f^ • 



Defeats an argument that cqld,.not heat, flows botween object. 

I lio student generates the "argument that' it is heat substance, not cold substance, 
that flows bc'tween objects. 



, ' Student Action: Respoiuling either (I) to the effect lhat if it were cold that was 
transferred, the (Jiject containing the cold substance would be ex-pectecl to con- • 
.tract as the cold substance -flowed out of it and the object got warm and^the object 
receiving the cold substance would expand as it gt)t cooler and the 'cold^ substance 
flowed into it or (2) to .the cTf?ct that the object coirtaining the cojd substance \ 
woyld be expected to lose weight as it got warmer. 
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Performance Check A:-^kip|Ji}se. someone said that cold objects-have cold substmicc 
in them and that when a hot and a c^ld-ol^ject are placed together, the cold sub- 
stance flows into the hot object and the cold object gets warmer, not because it gains 
heat but because it loses cold substance. Use the activities you have done with heat 

and their results to show that it is heat, not cold, that is transferrec)'.' 

■ 

.. . ^ v 

Remediation: (I) Disc^iss the heat-substance model wifli the student. How can 

thinking of' heat as a substance explain wh>Mhings expand when heated? (See his 

answer to question 19-16.) Is more of the ht^t substance present in hot Water than 

in cold water? (2) Now have him fry to imagine a Cold substance which flows be- ^ 

tween objects. When jn object is heated, should it lose or gain cold substance? 

Should it contract orfxpand? Did the objects heated in the experiihents contract. 

or expand? ThereforgltloeS a'cold substance flo.w between cUijects? 
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Rccogii^izgs the reactions of metal to heat and cold. 

/ • , * ^ 

The student appHOs the mie that metals usually expand when heated and contract 
vviien cooled. ^ 

Student Action: ^electing the entry which indicates that a heJitcd metal cyiiiulcr 
will be larger than either a cooled cylinder or one at room. temperature, and only, 
that.cntry. . .. 

A: c ' 

B: b ' - ■ 

C: d • 

Performance Check A: The aluminum cans labeled A. B, and C are identical. Each 
has a mass or 40 grams. Assinnc that A is heated, B is cooled » and C is left at room 
temperature. Which\)l^ the iQllowiiig results can you expect? 

a. B will weigh more than either A or (\ 

h. B will weigh less than either A or C. 
* c. A will be larger than B or (\ 

d. The si/.e of B will not ihaiigc. 






09 
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Remediation: ( I ) "What happens to an object when it is heated? IT the student caift 
answer, refer him to Actjvity IH-.^ Check Tables 18-1 and 1 8-2 and cpiestions \>j^-U 
and 18-7. (2) Does the weight or tlic si/.c of an object change when it is heated or 
cooled? If the student believes that the weight changes, have him weigh an object 
belore and after it has been heated. This concept will be reassessed in (**hapter 20, 

Selects properties which would not be desirable in a liquid to be usl^i in a thermom- 
/Cter. 

The student applies the principle that the liquid used in a thermometer should not 
^have ;^ bailing or frec/ing point in^he temperature range for whjch he wishes to 
make hrs measurements.. 

Student Action: Selecliiiij 'M)()ilitig lenipernture lower tliini w.iler's" ;nul ;i "lYee/ing 
lenipeniture higher than water's." ■ 

A: a. d ^ , ■ • 

B: c.e 

C: b.d (Vy' 



Performance Check A: Which of the following characteristics make a liquid a bad 
choice for a thermometer used to measure the temperature i)f water samples? 

a, "A boiling temperature lower tlian water*s * 

„b.' A boiling temperature higher than water*s * 

L*. A freezing temperature lower than water's 

d, A rree/.ing4emperature higher than water's 

e. None of the above j . 

♦ 

.Rbm^iation: ( 1 ) Refer the student to lixcursion 40 and to Activities 40-1 and 40-2 
•in which he chose the liquid he would' use in building a thermometer. Ask him why 
he chose the liquid he did. (2fCheck his responses to questions 40-1 , 40-2, and 40-3, 
and discuss these answers with him. 



Compares degrees Celsius to degrees Fahrenheit. • 

The student applies the principle that there are more unit intervals between the 
freezing and the boiling tcMnperatutes- of water on the Fahrenheit scale than on the 
Celsius scale. 

Student Action: Rt^K)nding to the eJTect (1) that there are more unit intervals be- 
tween tjie freezing- and the boiling temperatures of water on the. Fahrenheit scale 
than on the Celsius scale and (2) that a drop of any given number of degrees on the 
C elsius scale is greater than a drop of the same number of degrees on the Fahrenheit 
scale. 
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Performance Check A: If you hear the TV weather girl say that the temperature will 
drop Kf tonight, does it make any difference whether she means a temperature drop 
of lO"" Celsius or a temperature drop of \{f Fahrenheit? Fxplain your answer, 
using information from the diagram below. 
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Remediation: (1) Suggest that the stude^nt review Hxeursion 41, in which the tem- 
perature readings on (he Fahrenheit andjCejsius scales are compared. (2) Cheek ' 
liis responses to questions 41-1, 41-2', and 41-3 and discuss the two scales with him 
if iiee'cssary. 

Defines calorie in terms of water. 1 

if ' 

The student . recalls the definition that a calorie is the amount /of heat it takes to 
raise the tertiperature of 1 gram of water 1"" Celsius. 



Student Actio|i: Responding that a calorie is the amount of heat it takes to raise 
the temperature of 1 gram of water 1"" Celsius. ' * • 

Performance Check A: Calorics are defined using water as a standard. Define 
r^/ZomMn terms of water. 

Remediation; Refer the student to page 515 of Kxcursion 42 where calorie is 
defined. 



Compares the calories the body needs in cold weather to those it needs in Warm 
weather. • / 

The student applies the principle that the body needs to supply more calories to 
maintain normal body temperature wiieii the temperature of the environment is. 
lower. 

Student Action: R^^spo nding to the cTfect that the body needs to supply more calo- 
ries in wi-nter or in cold climates to maintiiin normal body temperature. 

Performance Check A: (suppose you go swimming with the Polar Bear Club in 
winter, and you go swimming at the beach in the sunmier. In which case does your 
body need to supply fnore talories? I'*xplain your answer. 

Remediation: (1) Suggest thai the student review Kxcursion 43, especially the 
discission on page*5 1^). (2) If necessary, discuss this principle with him. 

' Relates specific heat to temperature change. 

The student c lassifies the sybstance luiving the lowc'st specific heat as undergoing 
the greatest tempeVature change. ^ 

Student Action: Sclectiiig the substance witjl the lowest specific heat, 
A: (1 • 
B: b 
C: a 



90 



Performance Check A: In eacft of the following cases, 700 calories were supplied to 
1000 g of the substance named. Which of them would show the greatest tempera- 
ture cfiange? 

a. . Hydrogen, whose specific heat is 3.4 1 

b. Helium, whose specific heat is 1.24 

c. Water, whose specific heat is LOO 

d. Sulfur, whose specific'heat is 0! 1 75 . 

Remediatiorf: (1) Refer the student to lixcursion 44, where he investigated speci- 
fic heat, (2) H^ve him compare the temperature change of each substance in Table 
44-1 with the ;>pecific heat of each substance in Table 44-2. Does the substance 
which undergoes the greatest temperature change have the. highest or the lowest 
specific heat? (3) You may also wish to refer him to the formula on page 526. 
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Chapters 20 and 21 
Excursions.45 thru 48 



Performance Check 
Summary Table 



Objective Number ■ 


Objective Description 


IQ-Core-1 


Shows^the direction of heat flow across materials of different temperatures 


lO-Core-2 


Predicts the final temperature when materials of different temperature touch each other 


lO-Core-3 . 


Sejects the statt of a substance that is the poorest conductor of heat 


lO-Core-4 


Selects the material state that is the best conductor of heat 


10-Core-5 


Proposes ways to check for an increase in mass in a he^ed substance 


10-Core6 


. ^ . ' ' ' y ■ ' ' » F- 

Predicts the effect of heating on the mass of an object / 


lO-Core-7 


Recognizes .when a scientific model is suitable . // 


10 Core s 


. . , . / 

Recognizes the source of scientific models ' / 


10-Core-9 


Selects the properties of models that apply to the heat-as-energy model j 


10-Core-lO 


Recognizes what accepting the heat-as-energy model means , ^'^^^^ 


TO-Core-11 


Selects the better of two models on the basis of the data they explain 


10-Core-12 


Uses the heat-substance model to explain why substances expand when heated 


10-Core-13 


Uses the heat-as-energy model to explain the expansion of heated substances 

♦ 


40-Corerl4 


Uses the heat as-energy model to explain the heating of rubbed surfaces 


10-Core-15 


Ranks the three states of matter according to their relative amounts of internal energy 


' t ^ : 

IO-Core-16 


Explains how a little hot water can contain less heat 1;han a lot of cool water 

4 


•10-Core-1*7 


Uses the heat-as-eoergy model to explain how a thermometer works 


lO-Core-18' 


Explains the loss in usable output energy of a machine as its temperature increases 
^ ^ ^ ■' — 
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lO-Core-19 

< 


/ \ - 

Uses the heat-as-energy rnqdel to explain the difference in input snd useful output energy 


10-Exc45-1 


Compares the volume per unit of mass of warm air to that of cool air 


10-Exc46-1 


Selects a reason for discarding a scientific model * 


10-Exc 47-1' 


Describes temperature changes shown on^a graph 


10-Exc 47-2 


Selects tKe graph which^best represents a cooling curve 


10Exc48-1 


Relates the energy conversion of stored energy to the amount of output energy 


01-Core 14 thru 17R 


(AKithm^tic skills) ' • • 


, 01-Core-18 thru 22R 


(Student s f'esponsibilities) 


63Core-24R 


Remembers the cause of the heating of sliding surfaces 


04Core20R ' 


Defines mas^ . 


05Core12R 


(Mamefe the force which reduces useful output energy 


05-Core-^2R 


Recognizes the charactei'istics of energy ' . ^ 


06-Core19R 


Selects characteristics of energy 


07-Core-4R 


Selects a characteristic of <i scientific model 


09 Core-17R 


Lists properties of heat which support the heat-substance model \ ' *> 


09-Core-18R 

V 


Selects characteristics of heat compatible with the heat-substahce model ' 

•■ ^ : V ' : '■ ' 
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Shows the direction of heat flow across materials of- different temperatures. 

The student applies the rule that heat nows/rom hot to'cold objects. 

Student Action; IndicatiiiK that heat flows from the containers of relatively high 
temperature into adjacent containers of lower temperature. 

A: l> 
' B:'a . 

C: d 

Performance Check A: Assume that four containers of water, A, B, C, and are 
'phiced in contact with each other as shown. Select the response below which indi- 
cates the directions 'of heat flow that occur as the containers touch each other. Ig- 
nore the heat lost to the air. ' ' . 



f 



a. B to A, B to C, and D to C 

b. -A to B, C to B, a<id C top 

c. AtoB,BtoC,andCtQD 

d. B to A, C to B, and D to C 



50 C 40"C 100 C 40- C 



B 



D 



, Remediation : ,(!) Refer the student to the last paragraph on page 260. (2) When 
^ your hand touches a hot object, which gets hotter, *your hand or the object? (3) 
When you hold a cold drink in your warm hand, Which gets warmer, thi^' glass or your 
' hand? Whiclrgets cooler? • • ' 




'Predicts the final temperature whOn materials of different temperature touch each 
other. 

Thv student applies the rules that heat flows from hot to cold material until equi- 
librium is reached aiid that the equilibrium teinpefirturc of equal volumes of water at 
different temperatures lUjiy be calculated by adding the water temperatures of a|l 
and, dividing by the number of Volumes. * ' 

Student. Action:. Selecting th^- respojvse that incliules the .(^quilil)riuin temperature. 
A: b ~ i . 

B: -d- • ' . . 



Core 



Pertormanoe CHeck A: The four container^, A. B, C, and D, each hold the same 
amount of water. They Are placed in conta'ct with <|ach other inside a box which 
allows no heat to escape or ent'er. Approximately what will b'e the temperature of 
the water in container B after one hour? » 

a. Between 60**C and 70°C 

b. Between SS^'C and 60°C 

. c. More than 70°C . . , 
d. Less th^n 55°C ^ S- 



( 




50''C 


40''C 


1 00^*0 


40''C 


A 


B 


c 


D 



Remediation: ( I ) Refer the student to the bottom paragraph 6f page 260, and dis- 
cuss the item with him. Will the 100°C container remain at that temperature? Will 
the 40°C container remain at 40°C? How much will the temperature drop in the 
100°C container and rise in the 40°C one? What determines^ the amount of change? 
(?) Refer the student to Excursion 13, page 357, on averaging temperatures if neces- 
sary. ' . 



Selects the state of a substance that is the poorest conductor of heat. 

1 » ' — 

The student recalls that the gaseous state for a given substance, is the poorest conr 
ductor of heat. 



Student Action: Selecting "gas." ' . ' 
' A:a 

• ' B: c ■ . * . • ' • ' • 

C: b 

Performance Check A: A new substance is fornied that. exists as a gas, a liquid, and 
a solid, dt^pending on its temperature. In which state of matter would you expect it 
to be the poorest conductor of heat? 

a. Gas 

b. Liquid 

c. Solid , . ' ^ 
♦ d. Either b or c . • 

e. Texas ^ . ' 

Remediation: <l)»Refer the student to Activities 20-5 and 20-6 on page 261. (2) 
Check his response to questions 2p-\Q\ 2Q-\\, 20-12, and 20-13. (3) If necessary, 
discuss tlieiw activities with him. (4) 'l^uggest that he check his. responses to Self- 
Evaluation Check 20-3. . , , 
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Selects the material state that is the best conductor of heat. 

V ■ % 

The student applies the concept that, in general, metallic solids are better conductors 
of heat, than the liquid or gaseous states of ofher niatgrials. 

Student Action: Selecting the beaker which contains the solid material and stating 
the essence of the concept above. 

A, andC: A' - . . • ' 

Performance Check A: Jerry lit burners under the three beakers (A, and C) at the 
same li)^\c. He also put thermoinetej*s into the beakers at equal distances from the 
heat source, as shown. 

1. In' whivh of the beakers will^the thermometer begin to show changes in 
temperature first? 

2. Why? : * ' 



Beaker. A 



Solid copper powder 




Beaker B 
Thermometer f 
Liquid watc 




Beaker C(^^*~' ^ 
Thermometer ' Thermometer 



Air-- 




Remediation: Seethe Remediation for IO<'ore-3. 



Proix)ses ways to check for an increase in mass in a heated substance'. 

The student generates a suggestion for an alternative to Activities 20-7 and 20-8 for 



lO 




detecting a possible increase in the mass of a heated material. 

^^^1 Student Action: Stating as an alternative to the effect (1) that a more sensitive bal- 

ance be used or (2) that a larger mass be heated so that more of the postulated heat 
substance would be available, making it possible to detect an increase in mass rjiore 
easily, Airalternative of equal validity should also be accepted. 

Performance Check A: A couple of students suggested to their teacher that Activi- 
ties 20-7 and 20-8 did not provide; good enough reasons to reject the heat-substaiKC 
, • model. They .said that the balance they used was too crude to detect any slight 

changes in the mass of the water. What change could you make in the activities 
which would make it possible to detect small changes in mass? 



ERLC 
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Remediation^: (I) Have the sV^dent review Activities 20-7 and 20-8. (2) Ask him 
about ah alternate way to detect a possible increase in mass. What piece of equip- 
ment could he use? If an incTease iu mass did occur, would the heating of a larger 
mass result in a greater increase in mass after heating? Would this be easier to test 
for? Which" change in the experimental procedure would he suggest? 



Predicts the effect of heating on the mass of an object. 

The Student applies the rule that heating does not change the mass of an object in a 
situation involving equal masses suspended from an equal-arm balance. 

Student Action: Selecting the response which indicates that the position of the arm 
^does not change as d result of heating the mass, 
A: d . 
B: c 
C: a 

Perfo{Tnance Check A: Two V2 kg masses are^ exactly balanced on the pegboard bal- 
ance as shown. Suppose the left-hand mass is heated until it gets red hot. The right- 
hand mass would 
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a. move down. 

b. move up sbghtly. 

c. move way up. 

d. not move at all. 



Left 




Vi kg mass 



Right 



^/t kg mass 



Pegboard balance 



Remediation: (I) Refer the student to Adivities 20-7 and 20-8 and check his re- 
sponses to questions 20-16 through 20-19. If necessary, discuss liis results. (2) Sug- 
gest that he review Self-Evaluation Check 20-2. 
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Recognizes when a scientific model is suitable* 

The student applies the concept that a model is suitable to a specific situation if it 
explains the observations and can be used for the purpose intended. 

Student Action: Responding negatively and stating the essence of the concept as his 
reason. ' ^ ♦ 

Performance Check A: In the following story, assume that both doctors' facts are 
correct. Dr. Bright is an eye doctor who writes prescriptions for glasses. The model 
hb uSfcs 'assumes that light travels in straight lines except when it goes from one sub- 
'stance to another; then, it bends. Dr. Hoberman, a physicist, uses a model which 
says that light is like a wave and does not travel in straight lines. 

Dr. Hoberman says to Dr, Bright, **Your model and equations arerf't used by scien- 
tists anymore. The model does not fit all Ihe observations made, and it does not 
suggest further experiments/' 

Dr. Bright answers, 'The model 1 use explains all the observations included in the 
optics of lens making. Furthermore, the arithmetic involved, is fairly simple and 

quick. If I used the equations of your wave theory, my patients would be blind be- 

^ . ., 

fore I got thtfir glasses ready/' 

1. Should Dr. Bright stop using the older model and use the newer, broader 
model which explains more phenomena of light? 

2, Why did you give the answer you did? 

Remediation: ( I ) Askthe student what makes a good model. Does the first doctor's 
model explain hisobsepations? Can it be used for the purpose intended? Therefore, 
should the doctor continue* to use his model? 
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Recognizes the source Of scientific models, 

i * 

'Ihe student r ;e calls that scientific models are mental creations. 

Student Action: Selecting the phrase which reflects the notion ot mental creation. 
A: d 

B: h . . . • 

C: c . > ■ ^ 

Performance Check A: Setect the best answer. Scientific models come into exist- 
ence by being * 

a, discovered in test tubes, 

b. found in nature by direct observation. 

c. produced as part of the data of an experiment, 

d, thought up by people. 

Remediation: Ask the student what a scientific juoilel i^j, Are they discovered? 
Must they he seen? (Can you see electroparticles?) Mow, then, do they come into 
existence? ' ' 




Selects' the properties of models that apply to the heat-as-energy model. 



ntific models 



The student applies to the heat-as-energy model the concept that scienti 
are best described as useful explanations and as the bases for predictions. 

Student Action: Selecting the phrase to the effect of the concept above. 
A: c < 
B: b 
C: d 

PM^ormance Check A: Select the letter of the phrase below which best completes 
this sentence. Scientists use the heat-as-energy model because it • 

a. provides correct answers to all questions about heat. 

b. describes what heat actually is in nature and is therefore correct. 

c. helps to explain observations and to predict other observations. 

d. is the only true model for heat, and scientists found it. 

Remediation: (1) Reefer the student to Chapter 14, where the characteristics of a 
good model arc stated, and to Self-Evaluation Check 14-2. (2) If necessary, discuss 
the other options with him. 
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Recognizes what accepting the heat-as-energy model means. 

. The student applies the concept that scientific acceptance of a model implies that 

* it explains observations made to date, but does not imply that scientists feel either 
that this model is an exact representation of reality or that no other model would 
suffice. . • 

it 

Student Action: Selecting the interpretation involving explanation of observations, 

• but not those implying that the model is absolute. 
I ■ • A: c .; 
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Performance Check A: Scientists accept the heat-as-energy model for heat. This 

means that • 

a. they have direct proof that heat is energy. 

b. at least a few scientists have seen heat as energy with their own eyes. 

c. thinking about heat as though it is energy explains most of the observa- 
tions made to date. 

d. heat has the exact properties of a wave. 

e. no other model could fit the observations made to date. 

Remediation: See the Remediation for lO-Core-9. 

Selects the better of two models on the basis of the data they explain. 
The student appUes the rule that the better of two models is the one which explains 



more related phenomena. 
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Stud0nt;Action: Selecting the heat-as-energy model and stating the effect of the 
rule above, * 

♦ 

PdrfornnanceCheck A: Heat-as-energy and heat-substance are two models used to 
explain heat. Study the chart below, and then answer the two questions that follow. 



SITUATION 


CAl^, BE EXPLAINED BY 


Heat-as-Enercv 


Heat-Substance 


Water doesn't incTease weight 
when heated. 


% 

X 




Water increases volume when 
heafed. 


X 


^— 


A metaf rod gets longer when 
heated. 


X 


X 


Spaghetti tastes better when 
hot than when cold. 




• 
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I . Based on the information in the chart, which is the better model? 
2\ Give a reason for your answer. 

« 

Remediation: Which model explains more situations which can be obs^er^sii^ Which, 
then, ij; tlic better model? * 

Usesjhe heat-substance model to explain why substances expand when heated. 

The student applies the notion of the heat-substance model that heat substance itself 
takes up space and forces the particles of matter in the material being heated farther 
apart, thereby incTeasing the volu'me of the material. 

Student Action: Stating the essence of the notion that the intrusion of the heat 
substance causes expansion. • . • ^ 

Performanoe Check A: Arnold heated ^0 ml of a liquid for five minutes/ After heat- 
ing it, he remeasured the liquid and found that it had a volume of 62 ml. Look at 
the diagraii^ below. Using the heat-substance model, explain the 2 ml increase in 
volume. 



Diagram A 



Oiaoram B 



igram a ^ ui ayanr 



60 ml 



62 ml 




Remediation: (1) Refer the student to Figure 20-1, page 260. Have him describe 
this figure to youJ (2) Check his responses to questions 20-4, 20-5, 20-6, and 20-7. 
(3) You may iJso Nvish to refer him to»3elf^Evaluation Check 20-4. 



Uses the hcat-as-energy model to explain the expansion of heated substances. 

The student applies the notion of the heat-^s-energy model that objects increase in 
volume when they are heated because the hear supplied to the particles of matter 
causes the particles to vibrate faster, thereby moving farther apart and consequently 
occupying more space. 

^tudent Action: Stating the essence of the notion of the effects of increased parUcle 
--'''Vibration causing.expansion. , ' 
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Performance Check A: Ralph heated 40 ml of a liquid to 20°C. After it was heated, ' ^ 

he remeasured the liquid and found that it' had a volume of 45 jnl. Using the he^- } 
as-energy model, explain how the liquid could increase in volume. 



Diagram A Diagram B 











4(>ml 




45 ml 













Remediation: (1) Refer the student to Figures 21-K 21-2, 2l-3, and 21-4 onjpages- 
268 and 2,(^9. Have him explain those figures to you in terms of the heat-as-cnergy 
model. (2) Check his responses to questions 21-2 and 21-3. (3) You may wish' to 
refer the student to Self-Evaluation Check 21-3. • 



Uses the heat-as-emirgy model to'explain ^he heating of rubbed surfaces. 

The student applies the heat-as-energy model to a situation in which heating results 
from rubbing objects together. 

Student Action: Predicting that the objects will continue to heat up as long as they 
are rubbed together and stating that rubbing causes the particles in the objects to 
vibrate faster and that the faster vibrations will continue long as the rubbing con- 
tinues. 
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^ Performance Check A: Touch two paib size, pieces of paper. Rub them together 
rapidly between your hands, noting any change that occurs. ^ 
K If you keep rubbing them together, how long will they continue to pro- 
duce the effect you observed? ' 
2. Explain your answer in terms of the heat-as-energy;model.C^ 

•Remediation: (1) Have the student review the heat-as-energy model, especially the 
last paragraph on page 27l[ and check his respbnses to questions 21-1 1 and 21-13. 
(2) If necessary, discuss the model with iiim: What does rubbing cause the particles 
to do? For how long? 

Ranks the tliree states of matter according to theiy relative amounts of internal 
energy. 



The student applies the concept that for a given substance, the*ga'seous state has 
more energy th^n the liquid state and the liquid state has more energythan the solid 
state. 

■ . ) 

Student Action: Indicating the relative energy levels of the three states of matter by 
placing on the scnle an S nearest low energy, a (7 nearest high energy, and an L be- 
tween the S j^nd the G. • 

Performance Check' A:- Suppose that the energy within a^substani:e* called gunk 
could be measured and that the substance could exist as a solid, a liquid, or a gas, 
depending on the amount of energy it contained. Draw a line like the one shown 
below on your answer sheet to represent different amounts of energy.* Mark the 
place on this line where you woul(j expect to find each state of the gunk, using S for 
solid, L for liquid, and G for gas. ^ 



V'M: 



Low energy High energy 



lO 



Remediation: (1) Have the student review Table 18-1. (2) Find out if he under- 
stands that increasing the ampunt of energy* causes materials to expand. (3) Find 
out if he understands that increasing the amount of energy causes the liquid in a 
thermometer to rise and that decreasing the amount of ^;iergy causes it to fall.^ When 
he understands those notions, have Him put a the/mometer *intb ice waiter, liquid 
water, and boiling water. Then, have him redo the JPerformance Check. 

Explains how a little hot water can contain fess heat than a lot of cool N^ter. 

The student generates an explanation using the heat-as-energy model for why there 
is more heat in a large quarifity of cool water t)ian there is in a small quantity of hot 
water. ' ' . 



Student Action: Respondina^ to the effect that the amount of heat stored is the 
total amount of particle vibration and th*t in the large quantity of^^l water so 
many particles vibrate that although they are vibrating more slowly tl^n those in 
the ^mall amount of hot water, the total amount of vibration —and tlvSrefore of 
heat - is greater. — >^ 

Performance Check A:' Use the heat-as-energy model to explain why it is true that 
there is more heat in 2,000 mfof \yater at 30°C than in 50 ml of water at 90°C. 

Remediation: Dii<cuss the check with the student. In which quantity of water are 
the particles vibrating more slowly and in which are they vibrating faster? "In which 
quantity of water are there many more vibrating particles? Do tije faster vibrating / 
particles in t4jji. small quantity of water produce more heat than the many slower 
vibrating particles in the larger volume of water? 
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^ses the heat-as-energy model to explain how a thermometer workjs. 

The student applies the heat-as-energy model to explain the rising and falling of the 
liquid in a thermometer. 

Student Action: Responding to the effect that when a thermometer is placed in hot ^^^^^| 

mat^ials, energy is absorbed causing the liquid particles of the thermometer to move 
faster and therefore farther apart, increasing the volume of the liquid, and when a 
thermometer .is placed in «old materials, the particles in the thermometer liquid give 
up energy and vibrate less, becoming closer together and therefore occupying less 
space and reducing t+ie volume of the liquid. 

Performance Check A: Using the hi;at-as-energy model, explain how.a thermometer 
works to measure hot and cold materials. 

Remediation: Refer the ^Udent to Figure 2lf6 and have him describe to you what 
is happening there. Checic his response to^iuestion 21-7. Have him review the top 
ixiragraphon page 271. 
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Explains thc^loss in usable output energy of a machine as its temperature increases. > 1^^^ 

The student generates an*explanation for why the usable output energy of a machine • | 
which receives a constant amount of input energy is decreased as its temperature 

Core 

Student Action: Responding to the effect that the increase in temperature causes ' _ 

the decrease in usyble output energy because the machine converts more input ener- | CJ 



mcreases. 



gy into heat energV and less into output energy as the temperature of the machine 
. increases. ' . 

Performance Check A: Look at the graph below. The -amount of input energy sup- 
plied to the machine is a constant 100 units, represented by the dotted line on the 

ERIC / . , ' 



graph. The solid line on the graph represents the output energy plotted against thi 
temperature change. Explain what happens to the input energy as the amount of 
usable output energy decreases. * -L. 



100 




80 


(/) 
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60 


D 




> 






40 


UJ 




z 




UJ 




20 



Input energy 




Output energy 



• 0 25 50 75 100 

^ TEMPERATURE CTF THE MACHINE 

Remediation: (1.) Refer the student to Figure 21-8 and discuss it with him. What 
accounts for the difference in input and output energy? (2) Therefore, \yhat hap- 
pens to some of the input energy in the Performance Check situation as the Usable 
output energy decreases? Is it lost? ^ 



'Uses the heat:as-energy model to explain the difference in input and useful output 
(^nergy. " - 
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The student applies the concept that the difference between input and useful output 
energy is energy that has been converted t)y friction into heat energy, cTr particle vi- 
brations,Mn sliding.surfaces. 



Force measurer 
blade 



Force measurer 



ERLC 



Student Action: Stating in effect that the missing energy is convejfpd by friction 
into hea< energy, or particle vibrations, in sliding surfaces. (Ignore inertia.) 

•Cart 




Perfbrmance Check A: In Activity 10-12, diagramed above, you converted the po- 
tential energy of the blade into the motion energy of the cart. You found that the 
kinetic energy of the cartWs less than the potential energy of the blade. Use your 
heat-as^nergy model to^^xjplain what appear^ to be a loss of usable energy. 



Sinker 

9 



Remediation: See the Remediatian for lO-Core-18. 



Compares the volume per unit of mass of warm air to that of cool air. ' 

The student applies the principle that warm 'air has,raore volume per unit of mass 
than a corresponding mass of cool air. * 

Student Action: Responding that he will be warmer in Ihe top bunk and with the 
principle that the warm air has more volume per unit of'inass and will rise; where- > 
aS the cooler air will sink. I 

Performance Check A:, During the winter, Iggy visits a friend in the Nortnwho^as 
bunk beds in- his bedroom, fggy is offered the upper bunk. The heating vejnt throUgh 
which the bedroom is heated is on the wall near the floor. Will Iggy be warmer than, 
just as warm as. or cooler than Ws, friend who is sleeping in the bottom bunk? Ex; , 
. plain your answer. • 
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, Remediation :,(!) Refer the student to Excursion 45, Activity ;45-3. ^Discuss the 
\ results of this activity with him. (2) Suggest that l>e review, pages 533 and 534 for 
the concluding discussion in the excursion and check his response to question 45-14. 

Selects a reason for discar^Jing a scientific model. * " 

The student appliesthe principle that scientific'iriodels are discarded when new, well- 
tested observations are made that do not fit the model, that is, whin the mothfication 
of the model begins to cause internal contradictions. ^ - , 

Student Action: Selecting the qption which agrees with the statement above. . 

A: c * . ' 

B: b. ,, 

C: a ■ • ' , . ■ 

Performance Check A: ^!^^^fcfit^model is discarded when 

a. the developer of the\model dies. ^ 

b. a mpdel which is less broad, but easier to understand, is developed. 
A 0. new observafipns produce contradictions within the model.- 

d. a more complhiteia, mathematically-based model is developed. 

■ Remediation: (1) Suggest that the student review Excursion 46, especially the 
historical section, pages 538 through 540, which describes how a model is discarded 
if you can't explain new observations with it. , ' 



Describes temperature changes shown on a graph. - 

The student applies the concepts that during cooling a curte has a, negative slope or • 
that daring heating a curve has a positive slope and that during a phase change the 
temperature does not change. - . 
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Student Action: Responding to the effect that auring cdoling the curve slopes ddwn- 
ward to the right, that during heating the cutye slopes upward td the right, and that ^ 
when' changing front One form to anothfer the'curve sh^ws no change in tehfipcrature. 

Performance Check A: ^Considt^r the . cooling cury^ for^ulfur shown in the graph 
beloNV. Describe the processes that are taking place in sections A; B, and G.; 



500t 
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UJ 
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SULFUR 



TIME (minutes) 



Remediation: ( 1 ) Refer the student to Excursion 47- Check his graph for the hea^ 
ing curve in Figure 47-1 .and also his responses to questions 47-1, 47-2, and 47-3 
(2) If necessary, discuss in which direction heating and cooling^ curves slope. Also*, 
ask him \vhat happens-^in the section where the temperature Remains unchanged. 

■ ^ , , >' . — '■ ^ . • ' ' - 

: > ' ^ ^ ^ ^ '-^ ^ ^- 

Selects the graph which best represents a cooling curve. 

The student applies the principles that cooling curves have a negative slo^e and that 
during a pha*e change there is no change in the temperature of a pure substance. 

Student Action :^ Selecting the Curve which agrees with the principles governing a 
cooling situation. , 

^ " A: c ■ . ■' ■ 

B: b 

C: a , • . ... 

Performance Check A: Which of the following timertemperature graphs, best de- 
scribes the cooling behavior of water when it changes to ice? 




:)iagram b 




Diagram c 




TIME (minutes) 



TIME (minutes) 



TIME (minutes). 
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• Remediation:' ()) Discuss the check in question.- In which direction does a cooling 
curve slope? Should the graph'show level places? .Why? (2) You may also wish to 

I refer the student to Figure 4?-U which shows the opposite slope for a heating curve. 
Note that the terrft slope is not used ;n the checks because it has not been introduc^ ^ 

.fonpally within the ISCS Levell materials. . . , . » 

Hektes the energy conversion of stored energy to the amount pf output energy. 

•J • » • 

. The student applies the rules tl^t energy conversion always involves a lo§s of usably 
energy, that the tdtaf amount o]" energy is i{pveV altered, and that some of inpiP 
energy isl Converted to heat energy. I? • . ' ' 

'.' Student Action: . Responding . that the apparei\tly lost ei^rgy has been converted 
into heat energy. _ - • ' - ^ ./ ' 

Performance Check A: Watef is held in place behind'a dam. It has potential energy. 

When the dam is opened, water spills out. The water now has Wn^tic energy (motion 

energy). As the water falls, it turns a large wheel, or turbine. The turbine generates 
^electricity to produce j?ower for the pearby citj^ Has all of the potential energy that 
"was stored in the waterJibehind the- dam beeaWnverted to electric^ energy? If not. 

Where did the lost energy^o or where did the gained energy. come from? 

Remediation: (1) Suggest that the student review the conclusions he mi^c^e in Ex- 
cursion 48, pages 55 1 and 552. Check his responses to questions 48-9 thr(^ugh 48-1 2 
^nd, if necessary, discfss the. Law of Conservation of Energy with him. 
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